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INTRODUCTION 


PURPOSE 

The  purpose  of  this  document  is  to  provide  a ready  reference  to  pertinent  literature  related  to  the 
effects  of  low  temperatures  on  the  properties  of  structural  materials.  One  important  area  of  technology 
which  uses  materials  at  low  temperatures  is  superconducting  machinery.  Advances  in  the 
development  of  superconducting  machinery  have  indicated  that  superconducting  generators,  motors, 
transmission  lines,  and  other  electrical  equipment  are  more  efficient,  occupy  less  space  for  equivalent 
capacity  and  have  other  advantages  over  most  conventional  equipment.  Because  of  these  advantages, 
there  is  considerable  incentive  to  develop  superconducting  systems  for  certain  military,  as  well  as 
non  military  applications.  One  particularly  important  area  would  be  transportation  systems.  Environ- 
ments involved  may  expose  the  components  to  cryogenic  temperature  as  low  as  4 K,  which  would 
require  considerable  new  design  technology.  Exposure  of  structural  materials  to  such  low  temperatures 
definitely  affects  the  properties  of  the  materials  of  construction. 


SCOPE 

A bibliography  with  descriptors  is  presented  on  the  mechanical,  thermal,  electrical,  and  magnetic 
properties  of  selected  materials  at  low  temperatures.  Temperatures  which  are  readily  attainable  for 
testing  range  from  +25  C to  -269  C are  shown  in  Table  1. 


TIME  PERIOD 

References  to  963  documents  published  between  1950  - 1976  are  arranged  in  a chronological/ 
alphabetical  order. 


DATA  SOURCES 

Data  sources  used  for  the  bibliography  include  the  technical  journals  listed  in  Table  2 plus 
Government-sponsored  reports,  books,  technical  symposia,  and  industrial  literature. 


ORGANIZATION  AND  FORMAT 

Bibliographic  items  appear  in  alphabetical  order  by  year  of  publication.  A continuous  numbering 
system  is  used  throughout  the  bibliography.  The  assigned  numbers  appear  as  location  addresses  in 
all  Material/Property  Indexes  and  in  the  First  Author  Index. 


Descriptors 

Descriptors  for  the  bibliographic  items  are  formated  as  follows:  Special  Document  Type  (review, 
compilation,  etc.) /Materials/Specific  Properties/Temperature  (lowest  reported  in  a given  report). 
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Descriptor  terms  for  composites  are  formated  in  a consistent  manner.  For  the  term  “fiberglass/epoxy 
composite",  the  reinforcing  material  is  fiberglass  and  appears  to  the  left  of  the  slash  mark  while  the 
matrix  material  (epoxy  resin)  has  been  placed  to  the  right  of  the  slash  mark.  Thus,  the  format  for  all 
composite  materials  is:  (Reinforcement  Material) /(Matrix  Material). 


Material/Property  Indexes 

Combined  Material/Property  Indexes  are  provided  for  the  convenience  of  readers.  References  relating 
to  the  mechanical  properties  of  a material  are  readily  identified  and  completely  separated  from  the 
thermal,  electrical,  and  magnetic  properties  of  that  same  material.  For  example,  data  for  Inconel  X-750 
is  retrievable  from  four  separate  indexes: 

Material  (Inconel  X-750)/Mechanical  Property  Index 
Material  (Inconel  X-750)/Thermal  Property  Index 
Material  (Inconel  X-750)/Electrical  Property  Index 
Material  (Inconel  X-750)/Magnetic  Property  Index 

A tabulated  summary  of  material  groups  and  their  associated  properties  is  given  in  Table  3. 

In  the  published  literature,  research  studies  on  materials  are  normally  reported  with  various  designa 
tions,  trade  names  and  common  usage  nomenclature.  For  consistency,  several  designations  were 
changed  in  accordance  with  accepted  international  alloy  descriptors.  Table  4 gives  equivalent 
designations  and  common  usage/trade  names  for  some  of  the  indexed  materials. 
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TABLET.  CRYOGENIC  TEMPERATURE  SCALE 


Material  or 
Condition 

Temoerature 

F 

R 

C 

K 

Room  Temperature 

+ 78 

538 

+ 25 

298.0 

Dry  Ice  and  Alcohol 

-100 

360 

- 73 

200.0 

Oxygen* 

-297 

163 

-183 

90.0 

Fluorine* 

-307 

153 

-188 

85.0 

Nitrogen* 

-320 

140 

-195 

77.0 

Hydrogen* 

-423 

37 

-253 

20.0 

Helium* 

-452 

8 

-269 

4.2 

Absolute  Zero 

-460 

0 

-273 

0.0 

Temperature  is  boiling  point  of  liquid  gas. 


TABLE  2.  DATA  SOURCES 


Acta  Metallurgica 

Acta  Physica  Polonica 

Advances  in  Cryogenic  Engineering 

AIAA  Journal 

Applied  Physics 

Applied  Physics  Letters 

American  Chemical  Society 

Annalen  Der  Physik 

ASTM  Bulletin 

ASTM  Proceedings 

ASTM  STP  181 

ASTM  STP  227 

ASTM  STP  287 

ASTM  STP  302 

ASTM  STP  369 

ASTM  STP  432 

ASTM  STP  496 

ASTM  STP  513 

ASTM  STP  536 

ASTM  STP  556 

ASTM  STP  579 

Australian  Journal  of  Physics 

Automatic  Welding 

British  Journal  of  Applied  Physics 

British  Welding  Journal 

Canadian  Journal  of  Physics 

Chemical  Engineering 

Cryogenic  Engineering  News 

Cryogenic  Technology 

Cryogenics 

Cryogenics  and  Industrial  Gases 

Electro-Technology 

Elektrotekhnika 

Engineering  Fracture  Mechanics 

Experimental  Mechanics 

Fiz.  Metal  Metalloved 

IEEE  Transactions  on  Magnetics 

Industrial  Heating 

Industrial  Laboratory 

Insulation 

Izv  Akad.  Nauk  SSSR  Metal 

Japan  Journal  of  Applied  Physics 

J.  of  the  Acoustical  Society  of  America 

J.  of  Applied  Chemistry 

J.  of  Applied  Physics 

J.  of  Applied  Polymer  Science 

J.  of  Chemical  & Engineering  Data 

J of  Chemical  Physics 

J.  of  the  Electrochemical  Society 

J.  of  the  Institute  of  Metals 

J.  of  the  Less  Common  Metals 

J.  of  Low  Temperature  Physics 

J.  of  Macromolecular  Science  - Physics 

J.  of  Materials 

J.  of  Materials  Science 

J.  of  Metals 

J.  of  Physical  Chemistry 


J.  of  the  Physical  Society  of  Japan 
J.  of  Physics  F : Metal  Phys. 

J,  of  Physics  and  Chemistry  of  Solids 
J.  of  Polymer  Science 

J.  of  Research  of  the  National  Bureau  of  Standards 

J.  of  Spacecraft  and  Rockets 

J.  of  Testing  and  Evaluation 

Kolloid  Zeitschrift 

Light  Metal  Age 

Machine  Design 

Materials  in  Design  Engineering 

Materials  Engineering 

Materials  Research  Bulletin 

Materials  Research  & Standards 

Materials  Science  and  Engineering 

Mechanical  Engineering 

Metal  Industry 

Metal  Physics 

Metal  Progress 

Metal  Science  and  Heat  Treatment 
Metallurgical  Transactions 
Metals  Engineering  Quarterly 
Nature 

NBS  Circular  520 
Norwegian  Maritime  Research 
Nucleonics 
Oil  and  Gas  Journal 
Philosophical  Magazine,  Series  7 
Philosophical  Magazine 
Philosophical  Magazine,  Series  8 

Philosophical  Transactions  of  the  Royal  Society  of  London 
Physica 

Physica  Status  Solidi 
Physical  Review 
Physical  Review  B 
Physical  Review  Letters 
Physics  Letters 

Physics  of  Metals  and  Metallography 
Polymer  Mechanics 

Proceedings  of  the  Academy  of  Science  USSR 
Proc.  of  the  Physical  Society  (London) 

Proc,  of  the  Royal  Society  of  London 
Review  of  Scientific  Instruments 
Reviews  of  Modern  Physics 
Russian  Engineering  Journal 
Russian  Metallurgy 
Science 

Scientific  American 
Scripta  Metallurgica 
Solid  State  Communications 
Soviet  Physics  (JETP) 

Soviet  Physics  - Solid  State 
Soviet  Physics  Doklady 
Space/Aeronautics 
SPE  Journal 
SPE  Transactions 
Strength  of  Materials 


VIM 


TABLE  2.  (Continued) 


Sulzer  Technical  Review 
Trans,  of  the  ASM 
T rans.  of  the  ASME 

Trans,  of  the  ASME  Journal  of  Basic  Engineering 
Trans,  of  the  ASME,  Journal  of  Engineering  for 
Industry,  Series  B 

Trans,  of  the  Japanese  Institute  of  Metals 


Transportation  Engineering  Journal 
Welding  and  Metal  Fabrication 
Welding  Design  and  Fabrication 
Welding  Journal 
Wire  and  Wire  Products 
Z.  Angew.  Phys. 

Z.  Metallkunde 


TABLE  3.  MATERIAL  AND  PROPERTY  INDEX  SUMMARY 


Material  Groups 

M(a) 

j(b) 

e(c) 

MG<d) 

Material  Groups 

M 

T 

E 

MG 

Aluminum 

X 

X 

X 

X 

Niobium 

X 

X 

X 

X 

Beryllium 

X 

X 

X 

Osmium 

X 

X 

Bismuth 

X 

Palladium 

X 

X 

Cadmium 

X 

X 

X 

Platinum 

X 

X 

X 

Ceramics 

X 

X 

X 

Polymers 

X 

X 

X 

X 

Chromium 

X 

X 

X 

X 

Rhenium 

X 

X 

Cobalt 

X 

X 

X 

X 

Rhodium 

X 

X 

Composites 

X 

X 

X 

Ruthenium 

X 

X 

Copper 

X 

X 

X 

X 

Silicon 

X 

Gallium 

X 

Silver 

X 

X 

X 

X 

Germanium 

X 

X 

X 

Sodium 

X 

X 

Gold 

X 

X 

X 

X 

Steel— Engineering 

X 

X 

X 

X 

Hafnium 

X 

X 

Steel— Stainless 

X 

X 

X 

X 

Indium 

X 

X 

X 

Tantalum 

X 

X 

X 

X 

Iridium 

X 

X 

Thallium 

X 

X 

X 

Iron  Alloys 

X 

X 

X 

X 

Tin 

X 

X 

X 

X 

Lead 

X 

X 

X 

Titanium 

X 

X 

X 

X 

Magnesium 

X 

X 

X 

X 

Tungsten 

X 

X 

X 

Manganese 

X 

X 

X 

X 

Uranium 

X 

Mercury 

X 

Vanadium 

X 

X 

X 

X 

Molybdenum 

X 

X 

X 

X 

Zinc 

X 

X 

X 

X 

Nickel 

X 

X 

X 

X 

Zirconium 

X 

X 

X 

(a)  Mechanical  properties 

(b)  Thermal  properties. 

(c)  Electrical  properties. 
(d|  Magnetic  properties. 
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TABLE  4.  EQUIVALENT  DESIGNATIONS  AND  COMMON  USAGE/TRADE  NAMES 
FOR  INDEXED  MATERIALS 


Indexed  Equivalent  Common  Usage 

Material  Designation  (Trade)  Names 

Aluminum  Alloys 

1100  Aluminum  2S 

3003  3S 

2024  24S 

5052  52S 

5154  54S 

6063  64S 

7075  75S 

D20  (Russian)  2219 

HS30  (British)  6061 

D 74S  (British)  7005 

L71  (British)  2014 

Hiduminium  48  (British)  7039 

Copper  Alloys 

Cu-1,9Be 

Beryllium  copper 

Cu-1 ,9Be 

Beryllium  bronze 

Cu-1,9Be 

Berylco  25 

Cu-5Ni-1Fe 

Kunifer  5 

Cu-IONi-IFe 

Kunifer  10 

Cu-IONi-IFe 

Cupronickel 

Cu-20Ni-1Fe 

Kunifer  20 

Cu-12Mn-7AI-2Ni-2Fe 

Superston 

Cu-13Mn-4Ni 

Manganin 

Cu-40Ni 

Constantan 

Cu-40Zn 

Muntz  Metal 

Cu-40Zn 

Brass 

Cu-43Ni 

Advance 

Cu-43Ni 

Constantan 

Iron  Alloys 

Fe-29Ni-17.5Co 

Kovar 

Fe-36Ni 

Invar 

Fe-42Ni-1IVIn 

Dumet 

Fe-35Ni 

Nilo  36 

Fe-51  Ni 

Nilo  50 

Nickel  Alloys 

Ni-2Be0.5Ti 

Berylco  Nickel  400 

Ni-IOCr 

Chromel-A 

Ni-20Cr 

Karma 

Ni-20Cr-1Fe 

Tophet-A 

Ni-20Cr-2.7AI-2.7Cu 

Evanohm 

XI 


TABLE  4.  (Continued) 


I 


Indexed 
Material 

Polymers 

Polycarbonate 

Polychlorotrifluoro- 

ethylene 

Polyethylene 

Polyethylene- 

terephthalate 

Polymethylmethacrylate 

Polystyrene 

Polytetrafluoroethylene 

Polyvinylchloride 

Titanium  Alloys 

Ti-4AI-3Mo-1  V 

Ti-5AI-2.5Sn 

Ti-5AI-2.7Cr-1.3Fe 

Ti-5.7Mn 

Ti-6AI-4V 

Ti-6AI-4V 

Ti-13V-11Cr-3AI 

DTD  5093  (British) 

IMl  318A  (British) 

DTD  5133  (British) 

Stainless  Steel 

17-4PH 

17-7PH 

15-7PH 

AM  350 

L-605 

L-605 

OKh15N25MT2  (Russian) 
18/8  Stainless 
21-6-9 
22  13-5 


Equivalent 

Designation 


PC 

PCTFE 

PE 

PET 

PMM 

PS 

PTFE 

PVC 


RS-115 

A110AT 

RS-140 

C-110M 

C120AV 

RS-120A 

B-120VCA 

Ti-5AI-2.5Sn 

Ti-6AI-4V 

Ti-2Cu 


AISI  630 
AISI  631 
AISI  632 
AISI  633 
AISI  670 
Haynes  25 
A-286 
18Cr-8Ni 
21Cr-6Ni-9Mn 
22Cr-13Ni-5Mn 


Common  Usage 
(Trade)  Names 

Kel-F 

Mylar 

Teflon 


DESCRIPTIVE  BIBLIOGRAPHY 


1950 


1.  Furman,  D.  E.,  "Thermal  Expansion  Characteristics  of  Stainless  Steels  Between  -300  and 
1000  F",  Journal  of  Metals,  1 88  (4),  688  691  (April  1950). 

AISI  301,  AISI  304:  AISI  310;  AISI  316:  AISI  347:  AISI  330;  thermal  expansion;  -300  F 


2.  Krivokob,  V.  N.,  and  Thomas,  R.  D.,  Jr.,  "Impact  Tests  of  Welded  Austenitic  Stainless 
Steel",  Welding  Journal  Research  Supplement,  29  (9),  493s-495s  (September  1950). 

AISI  301;  AISI  302;  AISI  304;  AISI  308,  AISI  310;  AISI  316;  AISI  317;  AISI  318;  AISI  321;  AISI  347; 
impact  properties;  weld  properties:  -320F 


3.  Teed,  P.  L.,  The  Properties  of  Metallic  Materials  at  Low  Temperatures,  Volume  I, 

John  Wiley  & Sons,  Inc.,  New  York  (1950). 

Aluminum;  electrical  resistivity,  ultimate  tensile  strenqt'i,  tensile  yield  strength:  elongation;  reduction  in 
area 

Aluminum  alloys;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area 
Copper;  electrical  resistivity;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area 
Copper  alloys;  ultimate  tensile  strength;  tensile  yield  strength:  elongation:  reduction  in  area 

Engineering  steels;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area;  notch 
tensile  strength;  modulus  of  elasticity;  fatigue  properties:  weld  properties 

Lead;  magnesium  alloys;  nickel;  tin;  /inc;  ultimate  tensile  strength;  tensile  yield  strength;  elongation 
reduction  in  area 


1951 


4.  De  Nobel,  J.,  "Heat  Conductivity  of  Steels  and  a Few  Other  Metals  at  Low  Temperatures", 
Physica,  1?  (5),  551-562  (May  1951). 

Aluminum;  nickel:  engineering  steel;  thermal  conductivity 


5.  Munse,  W.  H.,  and  Weil,  N.  A.,  "Mechanical  Properties  of  Copper  at  Various  Temperatures", 
American  Society  for  Testing  Materials  Proceedings,  996-1022  (1951). 

Electrolytic  tough  pitch  copper;  phosphori/ed  copper;  OFHC  copper;  tensile  yield  strength;  ultimate  tensile 
strength;  reduction  in  area;  elongation;  modulus  of  elasticity;  fracture;  -400  F 


6.  Peppiatti,  H.  J.,  and  Brockhouse,  B.  N.,  "The  Initial  Susceptibility  of  Nickel  Under 
Tension",  Journal  of  Applied  Physics,  22  (7),  985-986  (July  1951). 

Nickel;  magnetic  susceptibility;  -40  C 


7.  Simon,  I.,  McMahon,  H.  0.,  and  Bowen,  R.  J.,  "Dry  Metallic  Friction  as  a Function  of 
Temperature  Between  4.2  K and  600  K",  Journal  of  Applied  Physics,  22  (2),  177-184 
(February  1951). 

Copper;  shear  stress;  4.2  K 


8.  Spretnak,  J.  W.,  Fontana,  M.  G.,  and  Brooks,  H.  E.,  "Notched  and  Unnotched  Tensile  and 
Fatigue  Properties  of  Ten  Engineering  Alloys  at  25  C and  -196  C",  Transactions  of  the 
ASM,  43,  547-570  (1951). 

Aluminum  alloys;  2024-T4;  7075-T6;  magnesium  alloys;  titanium;  18/8  stainless;  AISI  8630;  AISI  4340; 
notch  tensile  strength;  fatigue  properties;  -196  C 

1952 

9.  Allen,  N.  P.,  "Recent  European  Work  on  the  Mechanical  Properties  of  Metals  at  Low 
Temperatures",  NBS  Circular  520,  135  (May  7,  1952). 

18/8  stainless;  engineering  steel;  iron  alloys;  Cu-9Zn;  modulus  of  elasticity;  ultimate  tensile  strength; 
elongation;  reduction  in  area;  impact  properties;  fracture  properties;  -196  C 


10.  Austin,  J.  B.,  "Manufacture  of  Steels  for  Low-Temperature  Service",  NBS  Circular  520, 
36-47  (May  7,  1952). 

AISI  1022;  AISI  2317;  12Cr  steel;  impact  properties;  notch  toughness;  -315  F 

11.  Bowen,  D.,  Eggleston,  R.  R.,  and  Kropschot,  R.  H.,  "A  Study  of  the  Annealing  Kinetics  in 
Cold  Worked  Copper",  Journal  of  Applied  Physics,  23  (6),  630-634  (June  1952). 

Copper;  electrical  resistivity;  4.2  K 


12.  Crafts,  W.,  and  Offenhauer,  C.  M.,  "Development  and  Application  of  Chromium-Copper- 
Nickel  Steel  for  Low- Temperature  Service",  NBS  Circular  520,  48-66  (May  7,  1952). 


Armco  iron;  impact  properties;  weld  properties;  -120  C 

i 

i 

13.  Eggleston,  R.  R.,  "Cold  Work  Studies  on  Copper  at  Low  Temperatures",  Journal  of 
Applied  Physics,  23  (12),  1400-1401  (December  1952). 

Copper;  electrical  resistivity;  4.2  K 

14.  Estermann,  I.,  and  Zimmerman,  J.  E.,  "Heat  Conduction  in  Alloys  at  Low  Temperatures", 

Journal  of  Applied  Physics,  23  (5),  578-588  (May  1952). 

Cu-IONi;  Monel  400;  Inconel  600;  AISI  303;  AISI  347;  thermal  conductivity;  4.2  K 
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15. 


Furukawa,  G.  T.,  McCoskey,  R.  E.,  and  King,  G.  J.,  "Calorimetric  Properties  of  Polytetra- 
fluoroethylene  (Teflon)  From  0 to  365  K",  Journal  of  Research  of  the  National  Bureau 
of  Standards,  ^ (4),  273-278  (October  1952). 

Polytetrafluoroethylene;  thermal  properties;  specific  heat;  5 K 


16.  Geil,  G.  W.,  and  Carwile,  N.  L.,  "Tensile  Properties  of  Copper,  Nickel,  and  Some  Copper- 
Nickel  Alloys  at  Low  Temperatures",  NBS  Circular  520,  67-96  (May  7,  1952). 

OFHC  copper;  nickel;  Cu-70Ni;  Cu-30Ni;  ultimate  tensile  yield;  hardness  stress-strain  data;  -196  C 

17.  Johnson,  J.  B.,  and  Shinn,  D.  A.,  "Application  of  Metals  in  Aircraft  at  Low  Temperatures", 
NBS  Circular  520,  97  1 1 1 (May  7,  1952). 

AISI  2330;  AISI  4340;  AISI  8630;  18/8  stainless;  aluminum  alloys;  2024-T4;  7075-T6;  magnesium  alloys; 
titanium;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area;  modulus  of  elasticity; 
notch  tensile  strength;  impact  properties;  fatigue  properties;  -320  F 

18.  Krivobok,  V.  N.,  "Properties  of  Austenitic  Stainless  Steels  ^t  Low  Temperatures",  NBS 
Circular  520,  112  136  (May  7,  1952). 

AISI  301;  AISI  302;  AISI  303;  AISI  304;  AISI  310;  AISI  316;  AISI  317;  AISI  321;  AISI  347;  AISI  410; 
AISI  430;  18/8  stainless;  modulus  of  elasticity;  impact  properties;  notch  tensile  strength;  fatigue  properties; 
-320  F 

19.  MacGregor,  C.  W.,  and  Grossman,  N.,  "Dimensional  Effects  in  Fracture",  NBS  Circular  520, 
137  152  (May  7,  1952). 

Engineering  steel;  AISI  1095;  brittle  fracture;  fracture  properties;  -283  F 

20.  Mendelssohn,  K.,  and  Rosenberg,  FI.  M.,  "The  Thermal  Conductivity  of  Metals  at  Low 
Temperature.  I.  The  Elements  of  Groups  1,  2 and  3",  Proceedings  of  the  Physical 
Society  (London),  A65.  Part  6,  385-388  (June  1,  1952). 

Aluminum,  cadium;  copper;  gold;  indium;  magnesium;  silver;  zinc;  thermal  conductivity;  2 K 

21.  Mendelssohn,  K.,  and  Rosenberg,  FI.  M.,  "The  Thermal  Conductivity  of  Metals  at  Low 
Temperatures.  II.  The  Transition  Elements",  Proceedings  of  the  Physical  Society  (London), 
A65.  Part  6,  388-394  (June  1,  1952). 

Indium;  iron;  lead;  manganese;  molybdenum;  nickel;  niobium;  palladium;  platinum;  rhodium;  tantalum; 
titanium;  tungsten;  uranium;  zirconium;  thermal  conductivity;  2 K 

22.  Smith,  R.  L.,  Moore,  G.  A.,  and  Brick,  R.  M.,  "Mechanical  Properties  of  High-Purity  Iron- 
Carbon  Alloys  at  Low  Temperatures",  NBS  Circular  520,  153-179  (May  7,  1952). 

Iron  alloys;  Fe-0.49C;  stress-strain  data;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction 
in  area;  -185  C 
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23.  Thomas,  J.  G.,  and  Mendoza,  E.,  "The  Electrical  Resistance  of  Magnesium,  Aluminum, 

Molybdenum,  Cobalt  and  Tungsten  at  Low  Temperatures",  Philosophical  Magazine,  Series  7, 
43  (343),  900-910  (August  1952). 

Aluminum;  cobalt;  magnesium;  molybdenum;  tungsten;  electrical  resistivity;  magnetoresistance,  4.2  K 


1954 


24.  Brown,  A.,  Zemansky,  M.  W.,  and  Boorse,  H.  A.,  "The  Superconducting  and  Normal  Heat 
Capacities  of  Niobium",  Physical  Review,  92  (1),  52-58  (October  1,  1953). 

Niobium;  superconductivity;  specific  heat;  2.5  K 


25.  Carreker,  R.  P.,  Jr.,  and  Hibbard,  W.  R.,  Jr.,  "Tensile  Deformation  of  High-Purity  Copper 
as  a Function  of  Temperature,  Strain  Rate,  and  Grain  Size  , Acta  Metallurgica,  J.  (11), 
654-663  (November  1953). 

Copper;  tensile  properties;  20  K 


26.  Hollomon,  J.  H.,  and  Turnbull,  D.,  "Fundamental  Research  in  Physical  Metallurgy",  Technical 
Report,  General  Electric  Company  (July  1953). 

Copper  alloys;  nickel  alloys;  thermal  properties;  low  temperatures 


27.  Liu,  S.  I.,  and  Ripling,  E.  J.,  "Flow  and  Fracture  Characteristics  of  the  Aluminum  Alloy 
24S-T4  as  Affected  by  Strain  Thermal  History",  Journal  of  Metals,  5(1),  66-68 
(January  1953). 

Aluminum  alloys;  2024-T4;  stress-strain  data;  fracture  properties;  -196  C 


28.  Mendelssohn,  K.,  and  Renton,  C.  A.,  "Heat  Conductivities  of  Superconductive  Sn,  In,  Tl, 

Ta,  Cb,  and  Al  below  1 K",  Philosophical  Magazine,  Series  7 (354),  776-781  (July  1953). 

Aluminum;  indium;  niobium;  tantalum;  thallium;  tin;  superconductivity;  thermal  conductivity,  1 K 

29.  Nicol,  J.,  and  Tseng,  T.  P.,  "Thermal  Conductivity  of  Copper  Between  0.25  and  4.2  K", 
Physical  Review,  92  ( 4),  1062-1063  (November  15,  1953). 

Copper;  thermal  conductivity;  4.2  K 


30.  Schmieder,  Von  K.,  and  Wolf,  K.,  "Mechanical  Relaxation  Characteristics  of  High  Polymers", 
Kolloid  Zeitschrift,  134  (2/3),  149-189  (1953). 

Polymers;  mechanical  properties 
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1954 


31.  Bordoni,  P.  G.,  "Elastic  and  Anelastic  Behavior  of  Some  Metals  at  Very  Low  Temperatures", 
Journal  of  the  Acoustical  Society  of  America,  26  (4),  495-502  (July  1954). 

Aluminum;  copper;  lead;  silver;  modulus  of  elasticity;  4.5  K 

32.  Olsen,  J.  L.,  and  Rinderer,  L.,  "Magneto- Resistance  of  Copper  to  150,000  Oersted  at 
4.2  K",  Nature,  173,  682  (April  10,  1954). 

Copper;  electrical  resistivity;  magnetoresistance;  4.2  K 

33.  Rayne,  J.,  "Specific  Heats  of  Metals  Below  One  Degree  Absolute",  Physical  Review,  95 
(6),  1428-1434  (September  15,  1954), 

Copper;  molybdenum;  palladium;  platinum;  silver;  sodium;  tungsten;  specific  heat;  1 K 


34.  Richards,  J.  T.,  and  Brick,  R.  M.,  "Mechanical  Properties  of  Beryllium  Copper  at  Subzero 
Temperatures",  Journal  of  Metals,  6 (5),  574-580  (May  1954). 

Cu-1.85Be;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  modulus  of  elasticity;  stress-strain 
data;  -301  F 

35.  Rubin,  T.,  Altman,  H.  W.,  and  Johnston,  H.  L.,  "Coefficients  of  Thermal  Expansion  of 
Solids  at  Low  Temperatures.  I.  The  Thermal  Expansion  of  Copper  From  15  to  300  K", 
American  Chemical  Society,  76,  5289-5293  (November  5,  1954). 

OFHC  copper;  thermal  expansion;  15  K 

36.  Swenson,  C.  A.,  "Mechanical  Properties  of  Teflon  at  Low  Temperatures",  Review  of 
Scientific  Instruments,  25  (8),  834-835  (August  1954). 

Polytetrafluoroethylene  (Teflon);  polychlorotrifluoroethylene  (Kel-F);  polyethylene;  compressive  yield 
strength;  4 K 

1955 


37.  Beenakker,  J.J.M.,  and  Swenson,  C.  A.,  "Total  Thermal  Contractions  of  Some  Technical 
Metals  to  4.2  K",  Review  of  Scientific  Instruments,  26  (12),  1204-1205  (December  1954). 

AISI  302;  AISI  304;  AISI  316;  AISI  1020;  Berylco  25;  brass;  copper;  Cu-30Ni;  Invar;  silver  thermal 
expansion;  4.2  K 
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38.  Berman,  R.,  Foster,  E.  L,  and  Rosenberg,  H.  M.,  "The  Thermal  Conductivity  of  Some 
Technical  Materials  at  Low  Temperatures",  British  Journal  of  Applied  Physics,  6 (5), 
181-182  (May  1955). 

Brass;  beryllium  copper;  thermal  conductivity;  2 K 

39.  BijI,  D.,  and  Pullan,  H.,  "A  New  Method  For  Measuring  the  Thermal  Expansion  of  Solids 

at  Low  Temperatures:  The  Thermal  Expansion  of  Copper  and  Aluminum  and  the 

Gruneisen  Rule",  Physica,  21,  285-298  (1955). 

Aluminum;  copper;  thermal  expansion;  20  K 


40.  Howling,  D.  H.,  Mendoza,  E.,  and  Zimmerman,  J.  E.,  "Preliminary  Experiments  on  the 
Temperature-Wave  Method  of  Measuring  Specific  Heats  of  Metals  at  Low  Temperatures", 
Proceedings  of  the  Royal  Society  of  London,  A229  (1176),  86-109  (April  5,  1955). 

Aluminum;  copper;  specific  heat;  thermal  conductivity;  1 K 

41.  Johnston,  H.  L.,  Powers,  R.  W.,  Altman,  H.  W.,  Rubin,  T.,  and  Mattox,  R.  W.,  "Accurate 
Measurement  of  Certain  Physical  Properties  Down  to  20  K",  Proceedings  of  the  1954 
Cryogenic  Engineering  Conference,  194-195  (1955). 

AISI  304;  thermal  conductivity;  20  K 

42.  Kropschot,  R.  H.,  "The  Mechanical  Properties  Testing  Program  at  the  NBS-AEC  Cryogenic 
Engineering  Laboratory",  Proceedings  of  the  1954  Cryogenic  Engineering  Conference,  164- 
169  (1955). 

Aluminum  alloys;  AISI  303;  AISI  310;  AISI  316;  Monel  400;  ultimate  tensile  strength;  tensile  yield 
strength:  elongation;  reduction  in  area;  20  K 

43.  Park,  0.  E.,  Fulk,  M.  M.,  and  Reynolds,  M.  M.,  "Low  Temperature  Electrical  Resistance 
of  Fifteen  Commercial  Conductors",  Proceedings  of  the  1954  Cryogenic  Engineering 
Conference,  101-102  (1955). 

AISI  304;  copper;  copper  alloys;  Manganin  (Cu-1 3Mn-4Ni);  Cupron  (Cu-45Ni);  nickel;  nickel  alloys; 
Chromel-A  (Ni-2Cr);  Evanohm  (Ni-20Cr-2.7AI-2.7Cu);  Tophet-A  (Ni-20Cr-1  Fe);  gold;  silver;  platinum; 
lead;  electrical  resistivity;  19.7  K 

44.  Powell,  R.  L.,  and  Coffin,  D.  0.,  "Thermal  Conductivity  of  Solids  at  Low  Temperatures", 
Proceedings  of  the  1954  Cryogenic  Engineering  Conference,  189-193  (1955). 

Copper;  thermal  conductivity;  20  K 
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45.  Powell,  R.  L.,  and  Coffin,  D.  0.,  "Low-Temperature  Thermal  Conductivity  of  a Free- 
Machining  Copper",  Review  of  Scientific  Instruments,  26  (5),  516  (May  1955). 

OFHC  copper;  thermal  conductivity;  20  K 


46.  Swenson,  C.  A.,  "The  Compressive  Strengths  of  Some  Technical  Metals  Between  4.2  and 
300  K",  Proceedings  of  the  1954  Cryogenic  Engineering  Conference,  179-182  (1955). 

AIS)  1020;  AISI  303;  AISI  304;  AISI  440;  compressive  yield  strength;  4.2  K 


47.  Waldron,  C.  R.,  "Mechanical  Properties  of  356-T6  Cast  Aluminum  Alloy,  AZ91C-T4  Cast 
Magnesium  Alloy,  and  AZ91C-T6  Cast  Magnesium  Alloy  at  Room  Temperature  and 
-300  F",  Technical  Report  AL-2158,  North  American  Aviation,  Inc.  (June  1955). 

Casting  alloys;  aluminum  alloys’  356-T6;  magnesium  alloys;  AZ91C-T4;  AZ91C-T6;  ultimate  tensile  strength; 
tensile  yield  strength;  elongation;  reduction  in  area;  compressive  yield  strength;  impact  properties;  -300  F 

1956 

48.  Allison,  F.  E.,  and  Pugh,  E.  M.,  "Temperature  Dependence  of  the  Hall  Coefficients  in  Some 
Copper-Nickel  Alloys",  Physical  Review,  102  (5),  1281-1287  (June  1,  1956). 

Ni-40Cu;  Ni-30Cu;  Ni-20Cu;  magnetization;  64  K 


49.  Aven,  M.  H.,  Craig,  R.  S.,  Waite,  T.  R.,  et  al,  "Heat  Capacity  of  Titanium  Between  4 and 
15  K",  Physical  Review,  1 02  (5),  1263-1264  (June  1,  1956). 

Titanium;  thermal  properties;  specific  heat:  4 K 


50.  Bowers,  R.,  "Magnetic  Susceptibility  of  Copper  Metal  at  Low  Temperatures",  Physical 
Review,  102  (6),  1486-1488  (June  15,  1956). 

Copper;  magnetic  susceptibility;  1 K 

51.  Collins,  S.  C.,  Ezekiel,  F.  C.,  Sepp,  0.  W.,  and  Rizika,  J.  W.,  "The  Strength  of  Certain 
Stainless  and  Carbon  Steels  at  Low  Temperatures",  American  Society  for  Testing  Materials 
Proceedings,  56,  687-703  (1956). 

AISI  1018;  AISI  302;  AISI  303;  AISI  310;  AISI  416:  tensile  yield  strength:  elongation;  stress-strain  data; 
fracture  properties:  10  K 

52.  Kemp,  W.R.G.,  Klemens,  P.  G.,  and  White,  G.  K.,  "Thermal  and  Electrical  Conductivities 
of  Iron,  Nickel,  Titanium,  and  Zirconium  at  Low  Temperatures",  Australian  Journal  of 
Physics,'  9 (2),  180-188  (June  1956). 

Iron;  nickel;  zirconium;  titanium;  electrical  resistivity;  thermal  conductivity;  2 K 
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53.  Rayne,  J.  A.,  "The  Heat  Capacity  of  Copper  Below  4.2  K",  Australian  Journal  of  Physics, 
9 (2),  189-197  (June  1956). 

Copper;  Cu-ICd;  specific  heat;  4.2  K 


54.  Ripling,  E.  J.,  "Notch  Tensile  Behavior  of  Face  Centered  Cubic  Metals",  American  Society 
for  Testing  Materials  Proceedings,  56,  662-671  (1956). 

AISI  310;  2024-T6;  7075-T6;  Monel  400;  nickel;  copper;  notch  tensile  strength;  -321  F 


55.  Upthegrove,  C.,  and  Burghoff,  H.  L,  "Elevated-Temperature  Properties  of  Coppers  and  Copper- 
Base  Alloys",  ASTM  Special  Technical  Publication  No.  181  (1956). 

Deoxidized  copper;  OFHC  copper;  electrolytic  tough  pitch  copper;  ultimate  tensile  strength;  tensile  yield 
strength;  elongation;  reduction  in  area;  modulus  of  elasticity;  -321  F 


1957 


56.  Kemp,  W.R.G.,  Klemens,  P.  G.,  Tainsh,  R.  J.,  and  White,  G.  K.,  "The  Electrical  and  Thermal 
Conductivities  of  Some  Brasses  at  Low  Temperatures",  ACTA  Metallurgica,  5 (6),  303-309 
(June  1957). 

Cu-2Zn;  Cu-5Zn;  Cu-IOZn;  Cu-20Zn;  Cu-30Zn;  thermal  conductivity;  electrical  conductivity;  2 K 


57.  Los,  G.  J.,  and  Gerritsen,  A.  N.,  "Resistance  and  Magneto- Resistance  of  Dilute  Alloys  of 
Copper  and  Gold  With  Nickel  at  Low  Temperatures",  Physica,  23,  633-640  (1957). 

Copper;  Cu-2Ni;  magnetoresistance;  electrical  resistivity;  1.2  K 


58.  McCammon,  R.  D.,  and  Rosenberg,  H.  M.,  "The  Fatigue  and  Ultimate  Tensile  Strengths  of 

Metals  Between  4.2  and  293  K",  Proceedings  of  the  Royal  Society  (London),  203-211  (1957). 

Aluminum;  copper;  gold;  iron;  magnesium;  silver;  zinc;  ultimate  tensile  strength;  fatigue  properties;  4,2  K 


59.  Powell,  R.  L,,  Roder,  H.  M.,  and  Rogers,  W.  M.,  "Low-Temperature  Thermal  Conductivity 
of  Some  Commercial  Coppers",  Journal  of  Applied  Physics,  28  (11),  1282-1288  (November 
1957). 

Electrolytic  tough  pitch  copper;  phosphorized  copper;  OFHC  copper;  high  purity  copper;  thermal 
conductivity;  4 K 

60.  Pugh,  E.  W.,  Coles,  B.  R.,  Arrott,  A.,  and  Goldman,  J.  E.,  "Magnetic  Susceptibility  of 
Dilute  Alloys  of  Nickel  in  Copper  Between  2.5  K and  295  K",  Physical  Review,  105  (3), 
814-818  (February  1,  1957). 

Copper;  Cu-1Ni;  Cu-2.5Ni,  magnetic  susceptibility;  2.5  K 
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61.  Rayne,  J.  A,,  "Heat  Capacity  of  Alpha  Brasses  Below  4.2  K",  Physical  Review,  108  (1), 
22-25  (October  1,  1957). 

Cu-1.5Zn;  Cu-3Zn,  Cu-6Zn;  Cu-8Zn;  Cu-IOZn;  Cu-20Zn;  Cu-24.5Zn;  Cu-29Zn;  Cu-33Zn;  specific  heat;  4.2  K 

62.  Smith,  R.  L.,  and  Rutherford,  J.  L.,  "Tensile  Properties  of  Zone  Refined  Iron  in  the  Temp- 
erature Range  From  298  to  4.2  K",  Journal  of  Metals,  9 (7),  857-864  (July  1957). 

Iron;  tensile  properties;  4.2  K 


63.  Van  Itterbeek,  A.,  and  Duchateau,  W.,  "Measurements  on  the  Magnetic  Susceptibility  of 

White  Tin  and  Copper  Down  to  Liquid  Helium  Temperatures",  Physica,  23,  169-172  (1957). 

Copper;  tin;  magnetic  susceptibility;  2 K 


64.  Wessel,  E.  T.,  "Some  Exploratory  Observations  of  the  Tensile  Properties  of  Metals  at  Very 
Low  Temperatures",  Transactions  of  the  ASM,  149-172  (1957). 

AISI  1020;  AISI  335;  AISI  4340;  Cu-49Zn;  molybdenum;  nickel;  tantalum;  zirconium;  ultimate  tensile 
strength;  tensile  yield  strength;  elongation;  reduction  in  area;  stress-strain  data;  4.2  K 

1958 

65.  DeSorbo,  W.,  "Ouenched  Imperfections  and  the  Electrical  Resistivity  of  Aluminum  at  Low 
Temperatures",  Physical  Review,  1 1 1 (3),  810-812  (August  1,  1957). 

Aluminum;  electrical  resistivity;  1 K 


66.  Durham,  R.  J.,  "Extruded  Aluminum  Alloys  for  Low  Temperature  Service.  An  Assessment 
of  the  Suitability  of  Two  Materials",  British  Welding  Journal,  5 (11),  510-516  (November 
1958). 

Aluminum  alloys;  Noral  505;  Noral  545;  British  alloys;  proof  stress;  ultimate  tensile  strength;  elongation; 
brittle  fracture;  weld  properties;  -196  C 


67.  Dyment,  J.,  and  Ziebland,  H.,  "The  Tensile  Properties  of  Some  Plastics  at  Low  Tempera- 
tures", Journal  of  Applied  Chemistry,  8,  203-206  (April  1958). 

Polytetrafluoroethylene;  ultimate  tensile  strength;  modulus  of  elasticity;  -196  C 


68.  Lismer,  R.  E.,  "Low  Temperature  Properties  of  Aluminum-Magnesium  Alloys",  British 
Welding  Journal,  5 (11),  523-538  (November  1958). 

Aluminum  alloys;  5083;  5356;  British  alloys;  notch  tensile  strength;  fracture  properties:  -196  C 
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69.  Lucks,  C.  F.,  and  Deem,  H.  W.,  "Thermal  Properties  of  Thirteen  Metals",  American  Society 
for  Testing  Materials,  ASTM  Special  Technical  Publication  No.  227  (February  1958). 

AISI  1010:  AISI  301;  AISI  316;  AISI  347;  aluminum  alloys;  2024-T4;  7075-T6;  chromium;  copper; 

Inconel  600;  Inconel  X-750;  magnesium;  molybdenum;  Monel  alloy  K-500;  thermal  conductivity;  thermal 
expansion;  specific  heat;  -250  F 

70.  McGee,  R.  L.,  and  Campbell,  J.  E.,  "The  Mechanical  Properties  of  Certain  Aircraft  Structural 
Metals  at  Very  Low  Temperatures",  Technical  Report  ASD-TR-58-386,  Battelle  Memorial 
Institute  (November  1958). 

Aluminum  alloys;  7079-T6;  magnesium  alloys;  ZK60A-T5;  engineering  steel;  AISI  4340;  300M;  stainless 
steel;  AM350;  1 7-7PH;  titanium  alloys;  Ti-5AI-2.5Sn;  Ti-6AI-4V;  ultimate  tensile  strength;  tensile  yield 
strength;  elongation;  reduction  in  area;  notch  tensile  strength;  hardness;  -423  F 

71.  Pugh,  E.  W.,  and  Ryan,  F.  M.,  "Magnetic  Susceptibility  of  Copper-Nickel  and  Silver- 
Palladium  Alloys  at  Low  Temperatures",  Physical  Review,  1 1 1 (4),  1038-1042  (August  15, 
1958). 

Copper,  Cu-2.3Ni;  Cu-4.6Ni;  Cu-9.9Ni;  Cu-17Ni;  Cu-26.9Ni;  silver;  Ag-2Pd;  Ag-IOPd;  magnetic  susceptibility; 
4.2  K 

1959 


72.  Armstrong,  T.  N.,  Gross,  J.  H , and  Brien,  R.  E.,  "Properties  Affecting  Suitability  of  9 per- 
cent Nickel  Steel  for  Low-Temperature  Service",  Welding  Journal  Research  Supplement,  38, 
57-s  through  70  s (February  1959). 

9Ni  steel;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area;  impact  properties; 
weld  properties;  -320  F 

73.  Baughman,  R.  A.,  "Gas  Atmosphere  Effects  on  Materials",  Final  Report,  R59FPD456,  General 
Electric  Company,  WPAFB  Contract  AF  33(616)-5667  (June  15,  1959). 

Stainless  steel;  AISI  302,  Al§l  316;  17-7PH;  aluminum  alloys;  6061;  titanium  alloys;  Ti-5AI-2.5Sn;  nickel 
alloys;  R-41;  beryllium  copper  (Cu-2Be);  ultimate  tensile  strength;  tensile  yield  strength;  elongation; 
reduction  in  area;  weld  properties;  impact  properties;  -423  F 

74.  Guthrie,  G.  L.,  Friedberg,  S.  A.,  and  Goldman,  J.  E.,  "Specific  Heats  of  Some  Copper-Rich 
Copper-Nickel  Alloys  at  Liquid  Helium  Temperatures",  Physical  Review,  1 13  (1),  45-48 
(January  1,  1959). 

Copper  alloys;  Cu-IONi;  Cu-25Ni;  Cu-35Ni;  Cu-40Ni;  specific  heat;  4 K 

75.  Holden,  F.  C.,  Schwartzberg,  F.  R.,  and  Ogden,  H.  R.,  "Tensile  Properties  of  Titanium  Alloys 
at  Low  Temperatures",  DMIC  Report  107,  Battelle  Memorial  Institute  (January  15,  1959). 

Ti-6AI-4V;  Ti-5AI-2.5Sn;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area;  -423  F 
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76.  MacCrone,  R.  K.,  McCamtnon,  R.  D.,  and  Rosenberg,  H.  M.,  "The  Fatigue  of  Metals  at 
1.7  K",  Philosophical  Magazine,  4,  267-268  (1959). 

OFHC  copper;  cadmium;  fatigue  properties;  1.7  K 


77.  McClintock,  R.  M.,  Van  Gundy,  D.  A.,  and  Kropschot,  R.  H.,  "Low  Temperature  Tensile 
Properties  of  Copper  and  Four  Bronzes",  ASTM  Bulletin,  (240),  47-50  (September  1959). 

OFHC  copper;  copper  alloys;  beryllium  bronze  (Cu-1.9Be);  beryllium  cobalt  bronze  (Cu-2.6Co-0.51  Be); 
silicon  bronze  (Cu-3Si);  phosphor  bronze  (Cu-8Sn);  ultimate  tensile  strength;  tensile  yield  strength; 
elongation;  reduction  in  area;  20  K 

78.  Phillips,  INJ.  E.,  "Heat  Capacity  of  Aluminum  Between  0.1  K and  4.0  K",  Physical  Review, 
1J4  (3),  676-685  (May  1,  1959). 

Aluminum:  specific  heat;  0.1  K 

/9.  Powell,  R.  L.,  Roder,  H.  M.,  and  Hall,  W.  J.,  "Low-Temperature  Transport  Properties  of 
Copper  and  Its  Dilute  Alloys;  Pure  Copper,  Annealed  and  Cold-Drawn",  Physical  Review 
115  (2),  314-323  (July  15,  1959). 

Copper;  thermal  conductivity;  electrical  resistivity;  4 K 


80.  Rayne,  J.  A.,  "Elastic  Constants  of  Alpha-Brasses:  Variation  With  Solute  Concentration  From 

4.2  - 300  K",  Physical  Review,  1 15  (1),  63-66  (July  1,  1959). 

Coptrer;  cot>t)er  alloys;  brass;  Cu-4Zn;  Cu-9Zn;  Ci.i-17Zn;  Cu-23Zn;  elastic  properties;  4.2  K 


81.  Scott,  R.  B.,  "Low-Temperature  Properties  of  Structural  Materials",  Cryogenic  Engineering, 
Chapter  X,  322  352,  D.  Van  Nostrand  Co.,  Inc.,  New  York  (1959). 

1100  aluminum;  aluminum  alloys;  2024;  5052;  6061;  copper;  leaded  brass  (Cu-40Zn-14Pb),  nickel;  Inconel  600; 
Monel  400;  monel  alloy  K-500;  AISI  304.  AISI  347;  ultimate  tensile  strength;  tensile  yield  strength;  4 K 

Polytetrafluoroethylene  (Teflon);  polytrifluoromonochloroethylene  (Kel-F);  polyethylene;  polyvinylchloride; 
nylon;  polyethylene  terephthalate  (Mylar);  ultimate  tensile  strength;  compressive  yield  strength;  modulus  of 
elasticity;  4 K 

Aluminum;  copper;  chromium;  iron;  magnesium;  manganese;  nickel;  18/8  stainless;  Monel  400;  fused  silica; 
pyrex;  Teflon;  specific  heat.  20  K 

Aluminum;  copper,  magnesium;  nickel;  titanium;  zinc;  AISI  1020;  AISI  304;  Monel  400,  Inconel  600; 
thermal  expansion;  40  K 

AISI  304,  Manganin  (Cu-13Mn-4Ni),  Cupron  (Cu-45Ni);  Chromel  A (Ni-20Cr);  Evanohm  (Ni-20Cr-2.7AI-2.7Cul: 
Tophet-A  (Ni-20Cr-1  Fe);  electrical  resistivity,  20  K 


82.  Sekula,  S.  T.,  "Resistance  Minimum  and  Resistivity  of  Copper  at  Low  Temperatures", 
Physical  Review  Letters,  3 (9),  416-418  (November  1,  1959). 

Copper;  electrical  resistivity;  1.7  K 
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83.  White,  G.  K.,  and  Woods,  S.  8.,  "Electrical  and  Thermal  Resistivity  of  the  Transition  Elements 
at  Low  Temperatures",  Philosophical  Transactions  of  the  Royal  Society  of  London,  A251 
(995),  273-302  (1959). 


Chromium;  cobalt;  copper;  gold;  hafnium;  iridium;  iron;  manganese;  molybdenum;  nickel;  niobium;  osmium; 
palladium; platinum;  rhenium;  rhodium;  ruthenium;  silver;  sodium;  tantalum;  titanium;  tungsten;  vanadium; 
zirconium;  electrical  resistivity;  thermal  conductivity;  2 K 


1960 


84.  "Properties  of  Titanium  Alloys  at  Cryogenic  Temperatures",  Convair-Astronautics/General 
Dynamics,  Paper  presented  at  the  MAB  Meeting  (January  1960). 

Titanium  alloys;  Ti-5AI-2.5Sn;  Ti-2.7Cr-1.3Fe;  Ti-6AI-4V;  Ti-6AI-4Zr-1  V;  Ti-7AI-12Zr;  Ti-13V-11Cr-3AI; 
ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area,  impact  properties;  weld 
properties;  -423  F 

85.  "Tensile  Data  on  Ti-6AI-4V  Specimens  Tested  at  Liquid  Hydrogen  Temperature  and  -423  F", 
Technical  Enclosures,  Douglas  Aircraft  Company  (November  29,  1960). 

Titanium  alloys;  TI-6AI-4V;  ultimate  tensile  strength;  elongation;  reduction  in  area;  weld  properties;  -423  F 

86.  Barron,  R.  F.,  "Low-Temperatures  Properties  of  Engineering  Materials",  Machine  Design, 

32  (6),  189-195  (March  17,  1960). 

1100  aluminum;  copper;  Inconel  600;  Monel  400;  AISI  1020;  AISI  1040;  AISI  304;  AISI  347;  Teflon; 
ultimate  tensile  strength;  tensile  yield  strength;  elongation;  impact  properties;  thermal  conductivity;  -422  F 

87.  Belton,  J.  H.,  Godby.  L.  L.,  and  Taft,  B.  L.,  "Materials  for  Use  at  Liquid  Hydrogen  Tem- 
perature", ASTM  Special  Technical  Publication  No.  287,  108-121  (June  30,  1960). 

Aluminum  alloys;  355-T6;  355-T61;  2014-T6;  2024-T4;  6061-T6;  7075-T6;  copper  alloys;  Berylco  10 
(Cu-2Co-0.5Be);  berylco  25  (Cu-1.9Be);iron-silicon  bronze  (Cu-3Si-2.8Zn-1.5Fe);  nickel  alloys;  Inconel  X-750, 
Inco  72;  Waspalloy;  Hastelloy  X;  titanium  alloys;  Ti-6AI-4V;  Ti-5AI-2.5Sn;  iron  alloys;  N-155;  engineering 
steel;  AISI  9310;  stainless  steel;  A-286;  Teflon;  Kel-F;  ultimate  tensile  strength;  tensile  yield  strength; 
elongation;  reduction  in  area;  hardness;  thermal  expansion;  -423  F 

88.  Bulow,  C.  L.,  "Copper  and  Its  Alloys  for  Low  Temperatures  Versatility",  Chemical  Engineering, 
67  (19),  187-192  (September  19,  1960). 

Electrolytic  tough  pitch  copper.  OFFIC  copper;  aluminum  bronze  (Cu-7.3AI-1Zn);  silicon  bronze  (Cu-3Si|; 
beryllium  copper  (Cu-1.9Be);  brass  (Cu-30Zn,  Cu-40Zn,  Cu-38Zn-1Sn);  cupro  nickel  (Cu-20Ni,  Cu-45Ni); 
nickel  silver  (CU-18.7Zn- 1 7Ni);  phosphor  bronze  (Cu-4Sn);  ultimate  tensile  strength;  tensile  yield  strength; 
elongation;  reduction  in  area;  modulus  of  elasticity;  impact  properties;  -423  F 

Electrolytic  tough  pitch  copper;  thermal  conductivity;  -452  F 
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89.  Cataldo,  C.  E.,  "The  Effects  of  Liquid  Hydrogen  on  Mechanical  Properties  of  Materials", 
Technical  Report  DSN-TN3-60,  Redstone  Arsenal  (March  1960). 

Aluminum  alloys;  2024-T4;  2024-T6:  5086:  7075-T6;  nickel  alloys:  Monel  400;  titanium  alloys;  Ti-2Cr-2Fe-2Mo; 
Ti-8Mn;  Ti-5AI-2.5Sn;  engineering  steel;  AISI  1020;  300M;  stainless  steel;  AISI  303;  AISI  304;  AISI  440;  17-7PH; 
ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area;  notch  tensile  strength;  compressive 
yield  strength;  modulus  of  elasticity;  impact  properties;  -423  F 

Aluminum  alloys;  2024-T4;  7075-T6;  thermal  expansion;  -423  F 

Engineering  steel;  AISI  1020:  AiSI  1095;  stainless  steel;  AISI  304;  AISI  410;  thermal  conductivity;  -423  F 

90.  Christian,  J.  L.,  and  Watson,  J.  F.,  "Mechanical  Properties  of  Inconel  X Sheet  at  78,  -100, 

-320,  and  -423  F",  Technical  Report  MRG-150,  Convair-Astronautics/General  Dynamics 
(April  20,  1960). 

Inconel  X-750;  AISI  321;  ultimate  tensile  strength;  tensile  yield  strength;  notch  tensile  strength;  brittle 
fracture;  -423  F 

91.  Christian,  J.  L.,  "Mechanical  Properties  of  Titanium  and  Titanium  Alloys  at  Cryogenic 
Temperatures",  Technical  Report  MRG-189,  Convair-Astronautics/General  Dynamics 
(October  14,  1960). 

Titanium;  Ti-5AI-2.75Cr1.25Fe;  Ti-5AI-2.5Sn;  Ti-5AI-5Zr-5Sn;  Ti-6AI-4V;  Ti-6AI-4Zr-1V;  Ti-13V-1 1Cr-3AI; 
Ti-7AI-12Zr;  Ti-8AI-2Cb-1Ta:  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area; 
notch  tensile  strength;  weld  properties;  impact  properties;  -423  F 

92.  Christian,  J.  L.,  "Mechanical  Properties  of  Aluminum  Alloys  at  Cryogenic  Temperatures", 
Technical  Report  MRG  190,  Convair-Astronautics/General  Dynamics  (December  2,  1960). 

Aluminum  alloys;  2014  T6;  2024-T3;  2024-T4;  2219-T4;  2219-T81;  2219-T87;  5052-H38;  5086-H34; 

5086-H38;  5154-H38;  5456-H343;  6061-T4;  6061-T6;  7075-T6;  7079-T6:  7178-T6;  X7275-T6;  ultimate 
tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area;  notch  tensile  strength;  weld  properties; 

-423  F 


93.  Corruccini,  R.  J.,  and  Gniewek,  J.  J.,  "Specific  Heats  and  Enthalpies  of  Technical  Solids  at 
Low  Temperatures",  NBS  Monograph  21  (October  3,  1960). 

Literature  compilation;  aluminum;  beryllium;  bismuth;  cadmium;  chromium;  copper;  germanium;  gold; 
indium;  iron;  lead;  magnesium;  manganese:  mercury;  molybdenum;  nickel;  niobium;  palladium;  platinum; 
rhodium;  silicon;  silver:  sodium;  tantalum;  tin;  titanium;  tungsten;  zinc;  Cu-40Ni;  Monel  400:  graphite: 
polyethylene;  Teflon;  specific  heat:  1 K 

94.  DeMoney,  F.  W.,  and  Wolfer,  G.  C.,  "The  Fatigue  Properties  of  Aluminum  Alloys  5083- 
H113  Plate  and  Butt  Weldments  at  75  F and  -300  F",  Paper  presented  at  the  1960 
Cryogenic  Engineering  Conference,  Boulder,  Colorado  (August  1960). 

Aluminum  alloys;  5083-H113;  fatigue  properites;  weld  properties;  -300  F 
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95.  DeSisto,  T.  S.,  "The  True-Stress  True-Sttoin  Properties  of  Titanium  and  Titanium  Alloys  as  a 
Function  of  Temperature  and  Strain  Rate",  Technical  Report  WAL  TR-405.2/4,  Watertown 
Arsenal  (March  1960). 

Titanium;  Ti-5AI-2.5Sn;  Ti-6AI-4V;  Ti-7Mn;  ultimate  tensile  strength;  elongation;  reduction  in  area;  strain  rate; 
true  stress;  true  strain;  -319  F 

96.  Espey,  G.  B.,  Jones,  M.  H.,  and  Brown,  W.  F.,  Jr.,  "Sharp-Edge-Notch  Tensile  Characteristics 
of  Several  High-Strength  Titanium  Sheet  Alloys  at  Room  and  Cryogenic  Temperatures", 

ASTM  Special  Technical  Publication  No.  287,  74-107  (June  30,  1960). 

Ti-4AI-3Mo-1  V;  Ti-5AI-2.5Sn;  Ti-6AI-4V;  Ti-8Mn;  Ti-13V-nCr-3AI;  Ti-16V-2.5AI;  ultimate  tensile  strength: 
tensile  yield  strength;  elongation;  notch  tensile  strength;  -423  F 

97.  Garber,  M.,  Henry,  W.  G.,  and  Hoeve,  H.  G.,  "A  Magnetic  Susceptibility  Balance  and  the 
Temperature  Dependence  of  the  Magnetic  Susceptibility  of  Copper,  Silver,  and  Gold,  295- 
975  K",  Canadian  Journal  of  Physics,  38,  1 595  161 3 ( 1960). 

Copper;  silver;  gold;  magnetic  susceptibility;  295  K 
Copper;  magnetic  susceptibility;  below  295  K 

98.  Hall,  W.  J.,  Powell,  R.  L,  and  Roder,  H.  M.,  "Thermal  Conductivities  of  Common  Commer- 
cial Aluminum  Alloys",  Proceedings  of  the  1957  Cryogenic  Engineering  Conference,  408-415 
(1960). 

1100  aluminum;  aluminum  alloys;  6063-T5;  3003:  5052-0;  5154-0:  2024-T4;  thermal  conductivity;  electrical 
resistivity.  4 K 

99.  Hanson,  M.  P.,  Stickley,  G.  W.,  and  Richards,  H.  T.,  "Sharp-Notch  Behavior  of  Some  High- 
Strength  Sheet  Aluminum  Alloys  and  Welded  Joints  at  75,  -320,  and  -423  F",  ASTM 
Special  Technical  Publication  No.  287  (June  1960). 

Aluminum  alloys;  2014-T6,  2216-T62,  5456-H321;  6061-T6,  7075-T6,  7079-T6;  7178  T6,  ultimate  tensile 
strength;  tensile  yield  strength;  elongation;  notch  tensile  strength;  weld  properties:  -423  F 

100.  Johnson,  A.  A.,  "The  Low  Temperature  Tensile  Properties  of  Niobium",  Acta  Metallurgica, 

8,  737-740  (1960). 

Niobium,  tensile  yield  strength;  elongation;  76  K 

101.  Johnson,  E.  W.,  "Aluminum  Alloys:  Tough  and  Ductile  Down  to  -423  F",  Chemical 
Engineering,  ^ (16),  133-136  (August  8,  1960). 

Aluminum  alloys,  3003-0;  5052-H32,  5086-H32,  5083-0;  5154  H34,  5454  H32,  5456-H321,  6061-T6, 
ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area;  -423  F 
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102.  Johnson,  R.  J.,  "Nickci  Steel  Alloys  for  Liquids  at  -320  F,  9%  Excels.",  Chemical  Engineering, 
67  (15),  115-118  (July  25,  1960). 

9Ni  steel;  ol’  .t  aie  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area;  impact  properties; 
weld  propertic.,  thermal  expansion;  thermal  conductivity;  -320  F 

103.  Johnson,  V.  J.,  "A  Compendium  of  the  Properties  of  Materials  at  Low  Temperatures 
(Phase  I).  Part  II.  Properties  of  Solids",  WADD-TR-60-56,  Part  II,  NBS  WPAFB  Contract 
AF  33(616)  58-4  (October  1960). 

Aluminum;  copper;  nickel;  niobium;  zinc;  specific  heat;  thermal  expansion;  thermal  conductivity 

104.  Kaufman,  J.  G.,  "Mechanical  Properties  of  Plain  and  Welded  6061  Aluminum  Alloy  at  Subzero 
Temperatures",  Technical  Report  9-60-26,  Aluminum  Company  of  America  (July  1960). 

Aluminum  alloys;  6061-0;  6061 -T4;  6061 -T6;  6061 -FOI,  ultimate  tensile  strength;  tensile  yield  strength, 
elongation;  reduction  in  area:  weld  properties;  notch  tensile  strength,  modulus  of  elasticity,  -423  F 

105.  Kaufman,  J.  G.,  "Effect  of  Prolonged  Exposure  at  Subzero  Temperatures  on  Tensile  Properties 
of  Aluminum  Alloys",  Technical  Report  9-60-41,  Aluminum  Company  of  America  (December 
1960). 

Aluminum  alloys;  5454-0;  5454-H34;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  -320  F 


106.  Klemens,  P.  G.,  "Thermal  Expansion  of  Aluminum  at  Low  Temperatures",  Physical  Review, 
120  (3),  843-844  (November  1,  1960). 

Aluminum,  thermal  expansion,  20  K 


107.  Kropp,  C.  J.,  and  Foor,  E.  R.,  "Mechanical  Properties  of  Fleat  Treated  A-286  Alloy  at 

Various  Testing  Temperatures,  Status  Report  No.  3",  Technical  Report  MRG  — 157,  Convair- 
Astronautics/General  Dynamics  (June  8,  I960). 

Stainless  steel,  A-286,  ultimate  tensile  strength;  tensile  yield  strength,  notch  tensile  strength;  -423  F 


108.  Kropschot,  R.  H.,  McClint.tck,  R.  M.,  and  Van  Gundy,  D.  A.,  "Mechanical  Properties  of  Some 
Engineering  Materials  Between  20  and  300  K",  Advances  in  Cryogenic  Engineering,  2,  93-99, 
1956  Conference  (1960). 

2024-T3;  2024  T4,  5052-H34;  5054  H32,  6061 -T6,  7075-T6;  OFHC  copper.  Berylco  25,  Berylco  10; 

AISI  304;  AISI  308;  AISI  347,  AISI  302,  ultimate  tensile  strength,  tensile  yield  strength;  impact  properties; 
20  K 
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109.  Langston,  M.  E.,  and  Lund,  C.  H.,  "Physical  Properties  of  Some  Nickel-Base  Alloys",  DMIC 
Report  129,  Battelle  Memorial  Institute  (May  20,  1960). 

Monel  400:  Monel  Alloy  K-500;  Inconel  600;  Nimonic  80A;  Inconel  X-750:  specific  heat;  4.2  K 

Monel  400;  Monel  Alloy  K-600,  Inconel  600,  Nimonic  75;  Nimonic  80A;  Inconel  X-750;  Hastelloy  X; 

Incoloy  901,  D-979; Waspalloy,  Nimonic  90,  Nimonic  100;  Inconel  700,  Udimet  500;  M-252;  Rene'  41, 
Hastelloy  B;  Hastelloy  N;  Hastelloy  C,  thermal  conductivity;  4.2  K 

Monel  400,  Monel  Alloy  K-500;  Inconel  600;  Nimonic  75,  Nimonic  80A;  Inconel  X-750;  Alloy  713C; 

Hastelloy  F;  Hastelloy  X,  Incoloy  901;  D 979; Waspalloy;  Nimonic  90;  Nimonic  100;  Inconel  700;  Udimet  500, 
M-252;  Rene'  41;  Hastelloy  B,  Hastelloy  N;  Hastelloy  C,  thermal  expansion:  4.2  K 

Inconel  600;  Nimonic  BOA,  Inconel  X-750;  Incoloy  901,  D-979,  Nimonic  90;  Udimet  500,  M-252,  Rene'  41, 
modulus  of  elasticity;  4.2  K 

Monel  400;  Monel  Alloy  K-500,  Inconel  600,  Nimonic  BOA;  Inconel  X-750;  D-979;  M-252;  Rene'  41, 

Poisson's  Ratio;  4.2  K 

Monel  Alloy  K-500;  Inconel  600:  Inconel  X-750,  Hastelloy  B;  Hastelloy  C;  magnetic  permeability;  4.2  K 
Inconel  X-750;  Udimet  500,  Udimet  700,  electrical  resistivity;  4,2  K 

110.  Lenhart,  H.  B.,  "Cryogenic  Research  - Tensile  Properties  of  2219-T87  Aluminum  Alloy 
Plate  at  Room  and  Cryogenic  Temperatures",  Test  Progress  Report  SLML-60-473,  Boeing 
Company  (December  6,  1960). 

2219-T87;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area;  modulus  of  elasticity; 
■450  F 

111.  Lismer,  R.  E,,  "The  Properties  of  Some  Metals  and  Alloys  at  Low  Temperatures",  Journal  of 
the  Institute  of  Metals,  89,  145-161  (1960/1961). 

Copper;  Cu-40Zn  (brass);  Cu-IONi  (Cupro- nickel);  Cu-20Ni  (Cupro-nickel);  Cu-30Ni  (Cupro-nickel);  Cu-5Ni-1Fe 
(Kunifer  5),  Cu-20Ni-lFe  (Kunifer  20);  Cu-1 2Mn-7AI-2Ni-2Fe  (Superston  40),  Monel  400;  Inconel  600; 

18/8  stainless;  3Ni  steel;  9Ni  steel;  tensile  yield  strength;  elongation;  reduction  in  area;  impact  properties; 
notch  tensile  strength,  -196  C 

112.  Lucas,  W.  R.,  and  Cataldo,  C.  E.,  "Some  Low-Temperature  Properties  of  Aluminum-Alloy 
Weldmer  ts",  ASTM  Special  Technical  Publication  No.  287  (June  1960). 

5052,  5086,  5456,  2014-T3,  2014-T6;  weld  properties;  ultimate  tensile  strength;  elongation;  -320  F 

113.  Martin,  D.  L.,  "The  Specific  Heat  of  Copper  From  20  to  300  K",  Canadian  Journal  of 
Physics,  38  (1),  17  24  (1960). 

Copper,  specific  heat,  20  K 

114.  Martin,  D.  L.  "The  Specific  Heat  of  Annealed  and  Cold-Worked  Copper  From  0.4  to 
1.5  K",  Canadian  Journal  of  Physics,  38,  ''390-1391  (1960). 

copper;  specific  heat,  0.4  K 

16 


115.  McClintock,  R.  M.,  and  Gibbons,  H.  P.,  "Mechanical  Properties  of  Structural  Materials  at  Low 
Temperatures.  A Compilation  From  the  Literature",  National  Bureau  of  Standards  Monograph 
13  (June  1,  1960). 


Aluminum  alloys;  copper  alloys;  nickel  alloys;  titanium  alloys;  magnesium  alloys;  stainless  steels;  enginee.'ing 
steels;  mechanical  properties;  4 K 


116.  McConnell,  J.  H.,  "Austenitic  Stainless  Steels;  Thousands  of  Tons  in  -300  to  -425  F Service”, 
Chemical  Engineering,  67  (14),  125  128  (July  11,  1960). 

AISI  302;  AISI  304;  AISI  304L,  AISI  310;  AISI  347;  modulus  of  elasticity;  impact  properties;  weld  properties; 
ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area;  -425  F 

117.  Mikesell,  R.  P.  and  Reed,  R.  P.,  "The  Impact  Testing  of  Various  Alloys  at  Low  Temperatures", 
Proceedings  of  the  1957  Cryogenic  Engineering  Conference,  316-324  (1960). 

OFHC  copper;  copper  alloys;  aluminum  alloys;  nickel  alloys;  impact  properties;  24  K 

118.  Olleman,  R.  D.,  and  Wolfer,  G.  C.,  "The  Tensile  and  Impact  Properties  of  Plate  and  Welds  of 
Aluminum  Alloy  5083-H113  Between  75  and  -320  F",  Advances  in  Cryogenic  Engineering, 

Volume  5,  Plenum  Press,  Inc.,  New  York  (1960),  pp  430-438. 

5083  HI  13;  impact  properties;  tensile  properties;  -320  F 

119.  Ottlyk,  A.  A.,  "Cryogenic  Tensile  Properties  of  .040  Gage  301XH  Stainless  Steel",  Test  Progress 
Re|)ort,  SLML  60  414,  EWA  59202,  Boeing  Company  (October  28,  1960). 

AISI  301;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  modulus  of  elasticity;  -450  F 

120.  Powell,  R.  L.,  Hall,  W.  J.,  and  Roder,  H.  M.,  "Low-Temperature  Transport  Properties  of 
Commercial  Metals  and  Alloys.  II.  Aluminums",  Journal  of  Applied  Physics,  31  (3),  496  503 
(March  1960). 

1100  aluminum;  3003;  2024-T4;  5052-0;  5083-0;  5086-0;  5154-0;  6063-T5;  thermal  conductivity;  electncal 
resistivity;  4 K 

121.  Powell,  R.  L.,  Rogers,  W.  M.,  and  Roder,  H.  M.,  "Thermal  Conductivities  of  Copper  and 
Copfter  Alloys",  Advances  in  Cryogenic  Engineering,  Volume  2,  Plenum  Press,  Inc.,  New  York 
(1960),  pp  166-171. 

Unalloyed  copper;  electrolytic  tough  pitch  copper;  OFHC  copper;  Cu-32Zn-3Pb  (brass);  Cu-3Si-lMn  (silicon  bron/e) 
thermal  conductivity;  4 K 
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122.  Reed,  R.  P.,  Mikesell,  R.  P.,  and  Greeson,  R.  L.,  "Some  Mechanical  Properties  of  Magnesium 
Alloys  at  Low  Temperatures",  Advances  in  Cryogenic  Engineering,  Volume  5,  Plenum  Press,  Inc., 
New  York  (1960),  pp  397-405. 

AZ31B-0;  ZEIOA-HIl;  ZEIOA-HIO,  HIVI21A-T8:  HK31A-0:  KH31A-T6;  impact  properties:  ultimate  tensile  strength; 
tensile  yield  strength;  elongation,  20  K 

123.  Rice,  L.  P.,  Campbell,  J.  E.,  and  Simmons,  W.  F.,  "The  Evaluation  of  the  Effects  of  Very 
Low  Temperatures  on  the  Properties  of  Aircraft  and  Missile  Metals",  WADD-TR-60-254, 

Battelle  Memorial  Institute,  Contract  AF  33(616)-6345  (June  1960). 

TI-6AI-4V;  Ti-4AI-3Mo- 1 V.  Ti-16V-2.5AI;  TI-13V-1 1Cr-3AI;  1 7-7PH;  1 5-7PH;  Vacsojet  1000;  AISI  301;  ultimate 
tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area;  modulus  of  elasticity;  notch  tensile 
strength;  -253  C 

124.  Schwartzberg,  F.,  Agricola,  K.,  and  Hauser,  R.,  "Properties  of  Missile  Materials  at  Cryogenic 
Temperatures",  Technical  Report,  Martin  Company  (May  1960). 

Aluminum  alloys;  1100  aluminum;  6061-0;  6061 -T6;  2014-T6;  2024-T3;  7075-T6;  7079-T6;  5052-0: 

5052-H34;  355-T6,  AISI  301;  AISI  304L;  AISI  302;  AISI  303:  AISI  310;  AISI  316;  17  7PH;  AM350: 
Ti-5AI-2.5Sn,  Ti-8Mn;  Ti-6AI-4V,  magnesium  alloys.  HM31A-F;  HK31A-0;  HK31A-T6;  HM21A-T8:  AZ31B-0: 
ZE10A-H11;  ZK60A-T5;  OFHC  copper;  Monel  400:  Inconel  X-750,  Rene'  41;  AISI  4340;  AISI  9310; 
ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile  strength;  -423  F 

125.  Trepus,  G.  E.,  Roper,  R.  S.,  and  Hickman,  W.  R.,  "Design  Data  for  0-Rings  and  Similar 
Elastic  Seals",  WADC  Technical  Report  56-272,  Part  V,  Boeing  Airplane  Company,  Contract 
AF  33(616)  5722  (March  1960). 

Teflon;  Kel-F;  thermal  expansion;  compressive  strength; -425  F 

126.  Warfield,  R.  W.,  and  Petree,  M.  C.,  "Thermodynamic  Properties  of  Polystyrene  and  Styrene", 
NAVWEPS  Report  7352,  U.S.  Naval  Ordnance  Laboratory  (September  21,  1960). 

Polystyrene;  polyethylene;  specific  heat,  0 K 

127.  Watson,  J.  F.,  and  Christian,  J.  L.,  "The  Effect  of  Cryogenic  Temperatures  on  the  Mechanical 
Properties  of  High  Strength  Sheet  Alloys  (Nonferrous  Alloys)",  Technical  Report  ERR  AN  002, 
Convair- Astronautics/General  Dynamics  (April  13,  1960). 

Titanium;  Monel  alloy  K-500,  A 286,  ultimate  tensile  strength;  tensile  yield  strength:  elongation;  notch  tensile 
strength,  423  F 

128.  Watson,  J.  F.,  and  Christian,  J.  L.,  "Low-Temperature  Properties  of  Cold  Rolled  AISI  Types 
301,  302,  304ELC,  and  310  Stainless  Steel  Sheet",  ASTM  Special  Technical  Publication  No. 

287,  170  195  (June  30,  1960). 

AISI  301,  AISI  302,  AISI  304,  AISI  310;  ultimate  tensile  strength;  tensile  yield  strength,  elongation; 
reduction  in  area;  -423  F 
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129.  Watson,  J.  F.,  and  Christian,  J.  L.,  "Mechanical  Properties  of  High-Strength  301  Stainless 
Steel  Sheet  at  70,  -320,  and  -423  F in  the  Base  Metal  and  Welded  Joint  Configuration", 

ASTM  Special  Technical  Publication  No.  287,  136-149  (June  30,  1960). 

AISI  301;  ultimate  tensile  strength;  elongation;  notch  tensile  strength;  weld  properties;  -423  F 

130.  Watson,  J.  F.,  and  Christian,  J.  L.,  "The  Effect  of  Cryogenic  Temperatures  on  the  Mechanical 
Properties  of  High  Strength  Sheet  Alloys  (Cold  Worked  Austenitic  Stainless  Steels)",  Techni- 
cal Report  ERR-AN-003,  Convair-Astronautics/General  Dynamics  (May  16,  1960). 

AISI  301;  AISI  302;  AISI  304;  AISI  310;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch 
tensile  strength;  weld  properties;  -423  F 

131.  Watson,  J.  F.,  Christian,  J.  L.,  and  Hertz,  J.,  "Selection  of  Materials  For  Cryogenic  Applications 
in  Missiles  and  Aerospace  Vehicles",  Technical  Report  GDA-MRG-132-1,  General  Dynamics 
(February  1960). 

AISI  301,  AISI  304;  AISI  302;  AISI  310;  AM  355;  A- 286;  5052-H38,  5086-H34;  5154-H38,  5083;  5456; 
2014-T6;  2024-T3;  2024-T4;  6061-T4;  6061-T6;  7075;  7079;  7178;  Ti-6AI-4V;  Ti-5AI-2.5Sn,  Ti-6AI-4Zt-1  V; 
Ti-7AI-12Zr;  Monel  alloy  K-500;  L-605;  Hastelloy  B;  ultimate  tensile  strength;  tensile  yield  strength;  elongation; 
notch  tensile  strength;  weld  properties;  -423  F 

132.  Wessel,  E.  T.,  "The  Performance  Characteristics  of  Low  Temperature  Tension  Testing 
Apparatus  and  Its  Application  in  Industry",  Advances  in  Cryogenic  Engineering,  Volume  2, 

1956  Conference,  Plenum  Press,  Inc.,  New  York  (1960),  pp  126-135. 

AISI  4340;  zirconium;  nickel;  AISI  3335;  niobium;  ultimate  tensile  strength;  tensile  yield  strength;  elongation; 
reduction  in  area;  4,2  K 


133.  White,  G.  K.,  and  Woods,  S.  B.,  "Conductivity  of  Metallic  Cryogenic  Materials",  Advances  in 
Cryogenic  Engineering,  Volume  2,  Plenum  Press,  Inc.,  New  York  (1960),  pp  120-124. 

Inconel  600;  Cu  5Zn;  Cu-30Zn;  rhenium;  thermal  conductivity;  4 K 


1961 


134.  "Final  Results  From  Operation  Cryogenics",  International  Nickel  Company,  Inc.  (1961). 

9Ni  steel;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area;  impact  properties,  -320  F 


135.  "New  Cryogenic  Strength  Data  for  Plastics",  Materials  in  Design  Engineering,  54  (3),  155 
(Seiitember  1961). 

Polytetrafluoroethylene  (Teflon);  flexural  properties;  compressive  properties;  -320  F 
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136.  Achbach,  W.  P.,  and  Favor,  R.  J.,  "Design  Properties  as  Affected  by  Cryogenic  Temperatures 
(Ti-6AI-4V,  AISI  4340,  and  7079-T6  Alloys)",  DMIC  Memorandum  81  (January  24,  1961). 

Ti-6AI-4V;  AISI  4340;  7079-T6;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area; 
•423  K 


137.  Achbach,  W.  P.,  and  Favor,  R.  J.,  "Design  Properties  as  Affected  by  Cryogenic  Temperatures 
(Ti-6AI-4V,  AISI  4340,  and  7079-T6  Alloys)",  Technical  Report  M-81,  Battelle  Memorial 
Institute,  Contract  AF  33(616)-6410  (January  1961). 

Ti-6AI-4V,  AISI  4340;  7079-T6;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area; 
-423  K 


138.  Alers,  G.  A.,  and  Thompson,  D.  0.,  "Dislocation  Contributions  to  the  Modulus  and  Damping 
in  Copper  at  Megacycle  Frequencies",  Journal  of  Applied  Physics,  32  (2),  283-293 
(February  1961). 

Copper;  modulus  of  elasticity;  4.2  K 


139.  Alper,  R.  H.,  "Cryogenic  Stretch  Forming  of  Rocker  Motor  Cases",  Final  Report,  Arde- 
Portland,  Inc.,  Navy  Bureay  of  Weapons  Contract  N0w-60-023-c  (May  15,  1961). 

AISI  301;  ultimate  tensile  strength;  elongation;  -320  F 


140.  Calverly,  A.,  Mendelssohn,  K.,  and  Rowell,  P.  M.,  "Some  Thermal  and  Magnetic  Properties  of 
Tantalum,  Niobium,  and  Vanadium  at  Helium  Temperatures",  Cryogenics,  2(1),  26-33 
(September  1961). 

Niobium;  tantalum;  vanadium;  thermal  properties;  magnetic  properties;  -423  F 


141.  Campbell,  J.  E.,  "Review  of  Recent  Developments  in  the  Evaluation  of  Special  Metal 
Properties",  Technical  Report  M-128,  Battelle  Memorial  Institute  (September  1961). 

Ti-6AI-4V;  Ti-5AI-2.5Sn;  Ti-13V-11Cr-3AI;  ultimate  tensile  strength;  tensile  yield  strength,  elongation;  reduction 
in  area;  -423  F 


142.  Campbell,  J.  E.,  "Review  of  Recent  Developments  in  the  Evaluation  of  Special  Metal 
Properties",  Technical  Report  M-112,  Battelle  Memorial  Institute  (June  1961). 

Aluminum  alloys;  2014-T6;  6061-T6;  5456-H24;  Ti-5AI-2.5Sn;  AISI  301;  AISI  310,  ultimate  tensile  strength, 
tensile  yield  strength;  elongation;  weld  properties;  notch  tensile  strength;  -423  F 

143.  Campbell,  J.  E.,  "Review  of  Recent  Developments  in  the  Evaluation  of  Special  Metal 
Properties",  Technical  Report  M94M-94,  Battelle  Memorial  Institute  (March  1961). 

AISI  301,  AISI  304L,  ultimate  tensile  strength,  tensile  strength;  elongation;  reduction  in  area;  fracture 
mechanics;  -423  F 
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144.  Campbell,  J.  E.,  "Review  of  Current  Data  on  the  Tensile  Properties  of  Metals  at  Very  Low 
Temperatures",  DMIC-148,  Battelle  Memorial  Institute,  Contract  AF  33(616)-7747 
(February  1961). 

6061T4;  6061-T6;  2014-T6;  2219-T62:  Inconel  X-750;  Monel  alloy  K-500;  AISI  301;  AISI  304,  AISI  310; 
A-286;  Ti-6AI-V4;  Ti-5AI-2.5Sn;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area; 
■423  F 


145.  Campbell,  J.  E.,  "Review  of  Current  Data  on  the  Tensile  Properties  of  Metals  at  Very  Low 
Temperatures",  DMIC  Report  148,  Battelle  Memorial  Institute  (February  14,  1961). 

6061 -T4;  6061 -T6:  2014-T6;  2219-T62;  AISI  301:  AISI  310;  AISI  304;  A-286;  Ti-6AI-4V;  Ti-5AI-2.5Sn, 
Inconel  X-750;  Monel  alloy  K-500;  ultimate  tensile  strength;  tensile  yield  strength,  elongation;  reduction  in 
area;  -423  F 


146.  Chafey,  J.  E.,  "Compilation  of  Materials  Research  Data",  Technical  Report  AE-62-0138-2, 
General  Dynamics,  Contract  AF  33(616)-7984  (September  1961). 

AM  350;  AM  355;  A-286;  Inconel  X-750;  Ti-75A;  Ti-8AI-1Mo-1  V;  ultimate  tensile  strength,  tensile  yield 
strength;  elongation;  notch  tensile  strength;  -423  F 


147.  Christensen,  R.  J.,  and  Denke,  P.  H.,  "Crack  Strength  and  Crack  Propagation  Characteristics  of 
High  Strength  Metals",  Technical  Report  TR-61-207,  Douglas  Aircraft  Company,  Inc.,  Contract 
AF  33(616)-7444  (May  1961). 

15-7PH;  AM  335;  AISI  4340;  Rene'  41,  Ti-13V-1 1Cr-3AI;  fatigue  crack  propagation;  -340  F 


148.  Christian,  J.  L„  and  Watson,  J.  F.,  "Properties  of  7000  Series  Aluminum  Alloys  at 
Cryogenic  Temperatures",  Proceedings  of  the  1960  Cryogenic  Engineering  Conference 
604-621  (1961). 

2014;  2024;  2219;  5052;  5083;  5086,  5154;  5456;  6061;  7075;  7079;  7178;  7275;  ultimate  tensile  strength; 
tensile  yield  strength;  elongation;  notch  tensile  strength;  modulus  of  elasticity,  fracture  properties;  -423  F 


149.  Christian,  J.  L.,  "Determination  of  the  Effect  of  Oxygen  Content  on  the  Mechanical 

Properties  of  Titanium  - 5AI-2.5Sn  Alloy  at  Room  and  Cryogenic  Temperatures",  Technical 
Report  MRG-266,  General  Dynamics  (October  20,  1961). 

Ti-5AI-2.5Sn;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  toughness;  -423  F 


150.  Corruccini,  R.  J.,  and  Gniewek,  J.  J.,  "Thermal  Expansion  of  Technical  Solids  at  Low  Temp- 
eratures", National  Bureau  of  Standards  Monograph  29  (May  19,  1961). 

Aluminum,  copper,  brass;  Inconel  X-750;  Invar;  Monel  alloy  X-500;  AISI  301,  AISI  310,  AISI  316;  thermal 
expansion;  4 K 
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151.  Day,  D.  L.,  and  Kessler,  H.  D.,  "Titanium  Sheet  Rolling  Program  for  Ti-SAI-IMo-IV, 

Ti-5AI-5Sn-5Zr,  and  Ti-7AI-1 2Zr",  Technical  Report  NOAS59-6227,  Titanium  Metals  Corpora- 
tion of  America  (December  1961). 

Ti-8Al-tMo-1V:  Tl-5Al-5Siv5Zr;  Ti-7Al-12Zr;  tensile  yield  strength;  notch  tensile  strength;  modulus  of 
elasticity;  -320  F 


152.  DeSisto,  T.  S.,  and  Carr,  L.  C.,  "Low  Temperature  Mechanical  Properties  of  300  Series 
Stainless  Steel  and  Titanium",  Proceedings  of  the  1960  Cryogenic  Engineering  Conference, 
577-586  (1961). 

AISI  302,  AISI  303;  AISI  304;  AISI  316;  AISI  347;  Ti-55A;  ultimate  tensile  strength;  tensile  yield  strength; 
elongation;  reduction  in  area;  -452  F 

153.  DeSisto,  T.  S.,  and  Carr,  F,  L.,  "Low  Temperature  Mechanical  Properties  of  300  Series 
Stainless  Steel  and  Titanium",  Technical  Report  WAL  TR-323.4/1,  Watertown  Arsenal 
(December  1961). 

AISI  302;  AISI  303;  AISI  304;  AISI  316;  AISI  347;  Ti-55A;  ultimate  tensile  strength,  elongation;  reduction 
in  area;  true  stress,  true  strain;  -452  F 

154.  Domenicali,  C.  A.,  and  Christenson,  E.  L.,  "Effects  of  Transition  Metal  Solutes  on  the 
Electrical  Resistivity  of  Copper  and  Gold  Between  4 and  1200  K",  Journal  of  Applied 
Physics,  32  (11),  2450-2456  (November  1961). 

Copper,  Cu-2Ni,  Cu-5Ni;  Cu-IONi;  gold,  gold  alloys;  electrical  resistivity;  4 K 


155.  Eldridge,  E.  A.,  and  Deem,  H.  W.,  "Report  on  Physical  Properties  of  Metals  and  Alloys  From 
Cryogenic  to  Elevated  Temperatures",  ASTM  Special  Technical  Publication  No.  296 

(April  1961). 

Aluminum;  cobalt;  iron;  magnesium;  molybdenum;  nickel;  density;  thermal  expansion;  specific  heat; 
electrical  resistivity;  -457  F 

156.  Espey,  G.  B.,  Jones,  M.  H.,  and  Brown,  W.  F.,  Jr.,  "Factors  Influencing  Fracture  Toughness 
of  Sheet  Alloys  for  Use  in  Lightweight  Cryogenic  Tankage",  ASTM  Special  Technical  Publica- 
tion No.  302,  140-171  (June  1961). 

AISI  301;  AISI  310;  Inconel  X-750;  Ti-5AI-2.5Sn;  notch  tensile  strength;  fracture  toughness;  -423  F 


157.  Fan,  H.  Y.,  "Semiconductor  Research",  Technical  Report,  Purdue  Research  Foundation 
(March  1961). 

Copper  alloys,  zinc  alloys;  germanium  alloys;  magnesium  alloys;  thermal  conductivity;  electrical  properties; 
magnetic  properties;  -320  F 
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158.  Favor,  R.  J.,  and  Gideon,  D.  N.,  “Investigation  of  Fatigue  Behavior  of  Certain  Alloys  in  the 
Temperature  Range:  Room  Temperature  to  -423  F",  ASD-TR-61 -132,  Battelle  Memorial 

Institute,  Contract  AF  33(616)-6888  (June  1961). 

1100  aluminum;  2024,  6061;  7075;  Cu-1.9Be  (Berylco  25);  Cu-30Zn  (brass);  AISI  302;  AISI  304;  AISI  347; 
17-7P)-l;9Ni  steel;  Monel  alloy  K-50C;  Ti-6AI-4V;  Inconel  600;  Inconel  X-750;  Ni-Span  C;  fatigue  properties: 
-423  F 


159.  Feltham,  P.,  "Creep  and  Stress  Relaxation  in  Alpha-Brass  at  Low  Temperatures",  Philosophical 
Magazine,  6,  259-270  (1961). 

Cu-35Zn  (brass);  creep  properties;  stress  relaxation;  77  K 


160.  Guntner,  C.  J.,  and  Reed,  R.  P.,  "Mechanical  Properties  of  Four  Austenitic  Stainless  Steels 
at  Temperatures  Between  300  and  20  K",  Proceedings  of  the  1960  Cryogenic  Engineering 
Conference,  565-576  (1961). 

17Cr  steel;  AM350;  AISI  202;  AISI  304;  ultimate  tensile  strength;  tensile  yield  strength;  elongation; 
reduction  in  area;  notch  tensile  strength;  20  K 

161.  Hanson,  M.  P.,  "Smooth  and  Sharp-Notch  Tensile  Properties  of  Cold-Reduced  AISI  301  and 
304L  Stainless  Steel  Sheet  at  75,  -320,  and  -423  F",  NASA  TN  D-592,  Lewis  Research  Center 
(February  1961). 

AISI  301;  AISI  304L;  6061-T6;  2219-T62;  2014-T6;  5456-H321;  7079-T6;  7075  T6;  Ti-5AI-2.5Sn;  Ti-6AI-4V; 
Ti-13V-1 1Cr-3AI;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile  strength;  -423  F 

162.  Hertz,  J.,  "Cryogenic  Adhesive  Evaluation  Study",  Technical  Report  ERR-AN  032,  General 
Dynamics/Convair-Astronautics,  Contract  AF  33(616)  7984  (January  25,  1961). 

Electrolytic  tough  pitch  copper;  Ti-5AI-2.5Sn;  AISI  301;  AISI  321,  AISI  52100:  2024 -T3:  Teflon;  bond 
shear  strength;  lap  shear  strength;  ultimate  tensile  strength;  -320  F 

163.  Huzan,  E.,  Abbiss,  C.  P.,  and  Jones,  G.  0.,  "Thermal  Expansion  of  Aluminum  at  Low  Temper- 
atures", Philosophical  Magazine,  6,  277-285  (1961). 

Aluminum;  thermal  expansion;  15  K 


164.  Javitz,  A.  E.,  "Cryogenics:  Environment,  Phenomena,  Applications",  Electro  technology,  68 

(5),  63-75  (September-November  1961). 

State-of-the-Art:  Teflon:  Kel-F;  polyethylene;  nylon;  Mylar,  ultimate  tensile  strength;  compressive  yield  strength: 
modulus  of  elasticity;  4 K 

Teflon;  polystyrene;  copper:  nickel;  aluminum;  magnesium;  titanium;  AISI  1020;  AISI  304;  thermal  expansion; 
20  K 

1100  aluminum;  6063-T5;  3003;  5052,  5154;  2024-T4;  thermal  conductivity;  4 K 

1100  aluminum;  2024-T4;  5154;  5052;  6063-T5;  Cu-40Ni  (Constantan);  Cu-25Zn-14Ni  (nickel-silver);  electrical 
resistivity;  -328  F 
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165.  Kaufman,  J.  G.,  and  Johnson,  E.  W.,  "New  Data  on  Aluminum  Alloys  for  Cryogenic 
Applications",  Proceedings  of  the  1960  Cryogenic  Engineering  Conference,  637-649  (1961). 

1W0-H112:  3003-H112.  5052-H112;  5154-H112;  5454-H32;  5086-H32,  5083-H113;  5456-H321;  6061-T6; 
ultimate  tensile  strength;  notch  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area:  weld 
properties;  -320  F 

166.  King,  E.  J.,  "Investigation  of  Aluminum  Alloy  6061-T4,  T6  Welded  and  Unwelded",  Technical 
Report  BLR-61-40-M,  Bell  Aerosystems  Company,  Contract  AF  33(6571-855  (December  1961). 

6061-T4;  6061-T6;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile  strength;  weld 
properties;  -320  F 

167.  Lutes,  0.  S.,  and  Schmit,  J.  L.,  "Magnetic  Remanence  in  Dilute  Alloys",  Technical  Report, 
Honeywell  Research  Center,  Contract  NONR-273200  (October  1961). 

Copper  alloys;  manganese  alloys;  chromium  alloys:  tjold  alloys;  magnetic  properties;  -320  F 

169.  Markovich,  R.,  and  Schwartzberg,  F.,  "Testing  Techniques  and  Evaluation  of  Materials  For  Use 

at  Liquid  Hydrogen  Temperature",  Technical  Report  R-61-4,  The  Martin  Company  (February  1961). 

2014-T6;  6061-T6;  5456-H24;  2219-T81,  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  modulus 
of  elasticity;  notch  tensile  strength;  weld  properties:  -423  F 

170.  Miller,  P.  C.,  "Low  Temperature  Mechanical  Properties  of  Several  Aluminum  Alloys  and 
Their  Weldments",  Technical  Report  MTP-S&M-M-6T  16,  NASA  George  C.  Marshall  Space 
Flight  Center  (October  2,  1961). 

7079-T6;  5052-H32;  5086-H34;  5456-H343,  2014-T6;  ultimate  tensile  strength;  tensile  yield  strength;  elongation; 
weld  properties;  -450  F 

171.  Mishler,  H.  W.,  and  Nichols,  H.  J.,  "An  Investigation  of  the  Low-Temperature  Impact 
Properties  of  Stainless  Steel  Weldments",  Welding  Journal,  Welding  Research  Supplement, 

40.  564s-568s  (December  1961). 

AISI  304;  AISI  304L;  AISI  310;  AISI  308;  AISI  308L;  impact  properties;  weld  properties;  -320  F 

172.  Mowers,  R.,  "A  Simplified  Determination  of  Crystallinity  of  Fluoroplastics  and  the  Prediction 
of  Their  Behavior  at  Cryogenic  Temperatures",  Advances  in  Cryogenic  Engineering,  6 (1961), 
pp  627-636. 

Kel-F;  Teflon;  ultimate  tensile  strength;  tensile  yield  strength;  compressive  yield  strength;  flexure  strength; 
elongation;  impact  properties;  -320  F 
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173.  Peckner,  D.,  and  Riley,  M.  W.,  "The  Role  of  Materials  in  Cryogenics",  Materials  in  Design 
Engineering,  M (1),  107-118  (July  1961). 

Aluminum;  magnesium;  molybdenum;  AISI  4340;  AISI  301;  titanium;  Ti-6AI-4V;  Ti-7Mn;  modulus  of 
elasticity;  bulk  modulus;  shear  modulus;  -452  F 

1100-H14;  2014-T6;  2024-T3;  2219-T62;  5052-0;  5052-H34;  6061-0;  6061-T6;  7075-T6;  7079-T6;  7178-T6; 
355-T6;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  -423  F 

174.  Salinger,  G.  L,  and  Wheatley,  "Magnetic  Susceptibility  of  Materials  Commonly  Used  in  the 
Construction  of  Cryogenic  Apparatus",  Review  of  Scientific  Instruments,  32  (7),  872-874 
(July  1961). 

AISI  303;  AISI  304;  AISI  316;  AISI  321;  AISI  347;  Cu-30Ni  (Cupro-nickel);  Inconel  600;  magnetic  suscep- 
tibility; 1.6  K 

176.  Schwartzberg,  F.  R.,  and  Keys,  R.  D.,  "Mechanical  Properties  of  2000  Series  Aluminum  Alloys 
at  Cryogenic  Temperatures",  Technical  Report  R-6T32,  The  Martin  Company  (October  1961). 

2014-T6;  2219-T81;  2618- T6;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile  strength; 
weld  properties;  -423  F 

176.  Schwartzberg,  F.  R.,  and  Keys,  R.  D.,  "Mechanical  Properties  of  an  Alpha  Titanium  Alloy 

at  Cryogenic  Temperatures",  Technical  Report  R-6T45,  The  Martin  Company  (December  1961). 

Ti-5AI-2.5Sn;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile  strength;  -320  F 

177.  Warfield,  R.  W.,  and  Petree,  M.  C.,  "Thermodynamic  Properties  of  Polyethylene",  Technical 
Report  NOLTR  61-92,  U.S.  Naval  Ordnance  Laboratory  (October  1961). 

Polyethylene;  polytetrafluoroethylene;  specific  heat;  0 K 

178.  Warfield,  R.  W.,  and  Petree,  M.  C.,  "Electrical  Resistivity  of  Polymers",  SPE  Transactions,  1 
(2),  80-85  (April  1961). 

Polyethylene;  polystyrene;  polytrifluorochloroethylene;  polymethylmethacrylate;  electrical  resistivity;  2,4  K 

179.  Watson,  J.  F.,  Christian,  J.  L.,  Tanalski,  T.  T.,  and  Hurlich  A.,  "Correlation  of  Notched: 
Unnotched  Tensile  Ratios  With  Tensile  Fatigue  Properties  of  Complex  Welded  Joints  in  High- 
Strength  300  Series  Stainless  Steels  at  Cryogenic  Temperatures",  ASTM  Special  Technical 
Publication  No.  302,  129-139  (June  1961). 

AISI  301;  AISI  301 N;  AISI  310;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile 
strength;  weld  properties;  fatigue  properties;  -423  F 
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180.  Watson,  J.  F.,  Christian,  J.  L.,  and  Hertz,  J.,  "Cryogenics:  Selection  Data  For  Structural 
Materials",  Electro-Technology,  68  (5),  76-84  (September-November  1961). 


AISI  301;  AISI  304;  AISI  310;  AISI  302;  5052-H38;  5086-H34;  6061 -T6;  Ti-5AI-2.5Sn;  Monel  alloy  K-500; 
L-605;  Hastelloy  B;  AM  355;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile 
strength;  weld  properties;  -423  F 


181.  Watson,  J.  F.,  and  Christian,  J.  L.,  "Low-Temperature  Properties  of  K-Monel,  Inconel-X, 
Rene  41,  Haynes  25,  and  Hastelloy  B Sheet  Alloys",  Paper  presented  at  the  Winter  Annual 
Meeting  of  the  American  Society  of  Mechanical  Engineers,  New  York,  New  York 
(November  26-December  1,  1961). 

Monel  alloy  K-500;  Inconel  X-750;  Rene  41;  L-605;  Hastelloy  B;  ultimate  tensile  strength;  tensile  yield 
strength;  elongation;  notch  tensile  strength;  weld  properties;  -423  F 

182.  White,  G.  K.,  "Thermal  Expansion  at  Low  Temperatures.  II.  Electronic  Component  in 
Metals",  Philosophical  Magazine,  6 (66),  815-818  (1961). 

Aluminum;  beryllium;  chromium;  copper;  iron;  palladium;  thermal  expansion;  1.5  K 


183.  White,  G.  K.,  "Measurement  of  Thermal  Expansion  at  Low  Temperatures",  Cryogenics,  1 
(3),  151-158  (March  1961). 

Copper;  beryllium;  thermal  expansion;  4.2  K 


184.  Zenner,  G.  H.,  "What  Metal  Shall  I Use  for  Fabrication  of  Cryogenic  Vessels  and  Equipment?", 
Metal  Progress,  80  (4),  110-115,  154,  and  156  (October  1961). 

3Ni  steel;  9Ni  steel;  AISI  301;  AISI  303;  AISI  304;  AISI  305;  AISI  309;  AISI  310;  AISI  316;  AISI  321; 

AISI  347;  copper;  Cu-3Si  (copper-silicon);  Cu-40Zn  (Muntz  metal);  3003;  5052;  5083;  5086;  5154;  5456; 

Monel  400;  Invar;  Ti-6AI-4V;  ultimate  tensile  strength;  impact  properties;  weld  properties;  thermal  conductivity; 
thermal  expansion;  -423  F 


1962 

185.  "Determination  of  Design  Data  for  Heat  Treated  Titanium  Alloy  Sheet.  Volume  3.  Tables 
of  Data  Collected",  Technical  Report  ASD-TDR-62-335  V3,  Lockheed  Aircraft  Corporation, 
contract  AF  33(616)  6346  (December  1962). 

Ti-13V-1 1Cr-3AI;  Ti-6AI-4V;  Ti-16V-2.5AI;  Ti-4AI-3Mo-1  V;  ultimate  tensile  strength;  tensile  yield  strength; 
elongation;  compressive  properties;  bearing  properties;  shear  properties;  weld  properties;  creep  properties; 
thermal  expansion;  -320  F 

186.  "Low  and  Room  Temperature  Tensile  Properties  of  2219-T87  Aluminum  Alloy",  Technical 
Report  9068,  McDonnell  Aircraft  Corporation,  Contract  AF  33(657)  7749  (October  1962). 

2219-T87;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile  strength;  weld  properties; 
423  F 
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187.  "Titanium  for  Liquid  Hydrogen  Applications.  Investigation  of  the  Influence  of  Chemistry  on 

Low  Temperature  Behavior  of  Titanium  Alloys",  Data  Sheets  EFE,  Titanium  Metals  Corporation 
of  America  (May  1962). 

Ti-5AI-2.5Sn,  Ti-6AI-4V;  ultimate  tensile  strength;  tensile  yield  strength;  elongaton;  notch  tensile  sterngth;  -423  F 


188.  Arp,  V.,  Wilson,  J.  H.,  Winrich,  L,  and  Sikora,  P.,  "Thermal  Expansion  of  Some  Engineering 

^ Materials  From  20  to  293  K",  Cryogenics,  2 (4),  1-6  (June  1962). 

f 1100  aluminum;  356;  2020;  2024;  6061;  7075;  Elgiloy;  Stellite  3;  Stellite  25;  Cu-1.8Be  (Berylco  25);  Cu-30Zn 

t (brass);  17-4PH;  17-7PH;  A-286;  AISI  302;  AISI  303;  AISI  304L;  9Ni  steel;  Ni-Span  C;  Kromarc  55;  AISI  310; 

i AISI  321;  AISI  347:  AISI  416;  17Cr  steel;  AISI  1075:  Inconel  600;  Inconel  '<-750;  nickel,  Rene  41;  Ti-5AI-2.5Sn; 

' Ti-13V-1 1Cr-3AI;  Ti-6AI-4V;  graphite;  thermal  expansion;  20  K 


189.  Bergstedt,  P.,  "Compilation  of  Materials  Research  Data",  Technical  Report  AE-62-0138-3, 
General  Dynamics,  Contract  AF  33(616)  7984  (March  1962). 

Titanium;  titanium  alloys;  aluminum  alloys;  AISI  301;  Rene  41;  fatigue  properties:  -320  F 


190.  Bringer,  R.  P.,  "Fluorocarbons,  CTFE  Fluorocarbons",  Machine  Design,  34  (22),  84-86 
(September  20,  1962). 

Polytrifluoroethylene  (Kel-F);  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  compressive  yield 
strength;  flexural  strength;  shear  ultimate  strength;  impact  properties;  hardness;  modulus  of  elasticity; 
electrical  resistivity;  dielectric  properties;  77  K 


191.  Cataldo,  C.  E.,  "Weldability  Studies  of  5456-H343  and  2219-T87  Aluminum  Alloy  Plates" 

Internal  Note  IN-P&VE-M-62-2,  NASA  George  C.  Marshall  Space  Flight  Center  (April  2,  1962). 

5456-H343;  2219-T87;  weld  properties;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch 
tensile  strength;  -423  F 


192.  Christian,  J.  L.,  and  Watson,  J.  F.,  "Mechanical  Properties  of  Several  5000-Series  Aluminum 
Alloys  at  Cryogenic  Temperatures",  Proceedings  of  the  1961  Cryogenic  Enqineerinq  Conference 
490-499  (1962). 

5052-H38,  5083-H38;  5086-H34;  5086-H38;  5154-1-138;  5456-H343;  ultimate  tensile  strength;  tensile  yield 
strength;  elongation;  notch  tensile  strength;  weld  properties;  -423  F 


193.  Christian,  J.  L.,  "Physical  and  Mechanical  Properties  of  Pressure  Vessel  Materials  for  Appli- 
cation in  a Cryogenic  Environment",  ASD-TDR-62-258,  General  Dynamics  Contract  AF  33 
(616)  7719  (March  1962). 

AISI  301;  AISI  304L;  AISI  310;  AM  355;  2014-T6;  5052-H38;  5456-H343;  Ti-5AI-2.5Sn;  ultimate  tensile 
strength;  tensile  yield  strength;  elongation;  modulus  of  elasticity;  hardness;  notch  tensile  strength,  fracture 
toughness;  weld  properties;  -423  F 
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194.  Christian,  J.  L.,  Gruner,  J.  D.,  and  Girton,  L.  D.,  "The  Effects  of  Cold  Rolling  on  the 

Mechanical  Properties  of  Type  310  Stainless  Steel  at  Room  and  Cryogenic  Temperatures  , 
Technical  Report  AR  592  1-365,  NASA  CR-54614,  Astronautics/General  Dynamics  (November  27, 

1962). 

AISI  310;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  -423  F 


195.  Christian,  J.  L.,  "Mechanical  Properties  of  Air  Melted  and  Consutrode  Melted  Type  302 

Stainless  Steel  at  Room  and  Cryogenic  Temperatures",  Technical  Report  MRG-307,  General 
Dynamics,  Contract  AF  33(6161-7984  (April  4,  1962). 

AISI  302;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  -423  F 


196  Christian,  J.  L.,  "Mechanical  Properties  of  High-Strength  Sheet  Materials  at  Cryogenic 

Temperatures",  Technical  Report  ERR  AN  255,  Astronautics/General  Dynamics  (November  28, 
1962). 

2024-T4;  7079-T6;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile  strength;  -423  F 


197.  Christian,  J.  L.,  "Mechanical  Properties  of  Hastelloy  Sheet  Alloy  R-235  at  Cryogenic 
Ternperamres",  Technical  Report  MRG-300,  NASA  CR-54598,  Convair/General  Dynamics 
(March  19,  1962). 

R-235;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile  strength,  weld  properties, 
-423  F 

198.  Christian,  J.  L,  "The  Effects  of  Cold  Rolling  on  the  Mechanical  Properties  of  Type  310 
Stainless  Steel  at  Room  and  Cryogenic  Temperatures",  Technical  Report  AR  592  1-329, 
General  Dynamics  (July  24,  1962). 

AISI  310;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  -423  F 


199.  Curtis,  A.  J.,  "Dielectric  Properties  of  Solid  Polymers",  SPE  Transactions,  2(1),  82  85 
(January  1962). 

Polystyiene;  dielectric  piopeities;  -178  C 

200.  DeMoney,  F.  W.,  and  Wolfer,  G.  C.,  "Tensile  and  Impact  Properties  of  7075-T6  Plate,  Hand 
Forgings,  and  Tensile  Properties  of  Plate  MIG  Weldments  Between  75  and  -320  F",  Pro- 
ceedings of  the  1961  Cryogenic  Engineering  Conference,  466  477  (1962). 

7075-T6,  7079  T6,  impact  properties;  weld  pioiterties;  ultimate  tensile  strength;  tensile  yield  strength;  elongation 
320  F 
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201.  DeSisto,  T.  S.,  "Low  Temperature  Charpy  True  Stress-Strain  and  Notched  Tensile  Properties 
of  Base  Metal  and  Weld  Deposits  of  AISI  Type  301,  310,  316  and  347  Stainless  Steels”, 
Paper  presented  at  the  Annual  ASTM  Meeting,  New  York  (June  1962). 

AISI  301;  AISI  310:  AISI  316,  AISI  347;  impact  properties;  notch  tensile  strength;  weld  properties;  -269  C 


202.  Fluornoy,  R.  W.,  "Aluminum  Alloys  For  Cryogenic  Equipment",  Light  Metal  Age,  19, 

10-12  and  28  (April  1962). 

1100  aluminum:  3003;  3004;  5050;  5052;  5083;  5086;  5154;  5456;  6061;  6063;  ultimate  tensile  strength; 
tensile  yield  strength;  elongation;  -320  F 

203.  Fuller,  P.  D.,  and  McLagan,  J.  N.,  "Storage  and  Transfer  of  Cryogenic  Fluids",  Applied 
Cryogenic  Engineering,  Chapter  9,  249,  John  Wiley  & Sons,  Inc.,  New  York  (1962). 

Teflon,  Kel-F;  2024;  6061;  copper;  AISI  304;  AISI  316;  AISI  303;  AISI  330;  Monel  400:  Inconel  600; 
thermal  expansion;  -423  F 

204.  Gideon,  D.  N.,  Favor,  R.  J.,  Koppenhafer,  A.,  Grover,  H.  J.,  and  McClure,  M.,  "Investigation 
of  Notch  Fatigue  Behavior  of  Certain  Alloys  in  the  Temperature  Range  of  Room  Temperature 
to  -423  F",  ASD-TDR-62-351,  Battelle  Memorial  Institute,  WPAFB  Contract  AF  33(616)- 
6888  (August  1962). 

Ti-6AI-4V;  9IMi  steel;  AISI  301;  AISI  347;  nickel;  Monel  alloy  K-500,  Inconel  600;  Cu-1.9Be  (Berylco  25); 
Cu-30Zn  (brass);  Ni-Span  C;  AISI  1075;  17-7PH;  Inconel  X-750;  ultimate  tensile  strength;  tensile  yield  strength; 
elongation;  modulus  of  elasticity;  density;  notch  properties;  fatigue  properties;  -423  F 

205.  Gideon,  D.  N.,  Favor,  R.  J.,  Grover,  H.  J.,  and  McClure,  G.  M.,  "The  Fatigue  Behavior  of 
Certain  Alloys  in  the  Temperature  Range  From  Room  Temperature  to  -423  F",  Proceedings 
of  the  1961  Cryogenic  Engineering  Conference,  503-508  (1962). 

Ti-6AI-4V;  9Ni  steel;  AISI  301,  AISI  347;  nickel;  Monel  alloy  K-500;  Inconel  600;  Berylco  25;  Cu-30Zn: 
Ni-Span  C;  AISI  1075;  17-7PH;  Inconel  X-750;  fatigue  properties;  -423  F 


206.  Goodman,  B.  B.,  "The  Thermodynamic  Properties  of  Superconducting  V3Ga",  Physics 
Letters,  1 (6),  215-217  (June  15,  1962). 

V3Ga;  superconductivity;  magnetization;  specific  heat;  0 K 

207.  Guntner,  C.  J.,  and  Reed,  R,  P.,  "Martensitic  Transformation  Products  and  Mechanical 
Properties  of  Austenitic  Stainless  Steels  at  Low  Temperatures",  Proceedings  of  the  1961 
Cryogenic  Engineering  Conference,  500-502  (1962). 

AISI  304L;  ultimate  tensile  strength;  tensile  yield  strength;  notch  tensile  strength;  20  K 
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208.  Guntner,  C.  J„  and  Reed,  R.  P.,  “The  Effect  of  Experimental  Variables  Including  the  Martensit- 
ic Transformation  on  the  Low-Temperature  Mechanical  Properties  of  Austenitic  Stainless 
Steels",  Transactions  of  the  ASM,  399-419  (September  1962). 

AISI  304,  AISI  304L,  AISI  310;  AISI  202;  17Cr  steel;  AM  350;  ultimate  tensile  strength,  tensile  yield  strength, 
elongation;  reduction  in  area;  notch  tensile  strength;  4 K 


209.  Hanson,  M.  P.,  and  Richards,  H.  T„  "Smooth  and  Sharp-Notch  Property  Variations  for 

Several  Heats  of  Ti-6AI-4V  Sheet  at  Room  and  Cryogenic  Temperatures",  NASA  Technical 
Note  D-1282  (May  1962). 

Ti-6AI-4V,  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile  strength;  -423  F 


210.  Hickey,  C.  F.,  "Mechanical  Properties  of  Titanium  and  Aluminum  Alloys  at  Cryogenic 
Temperatures",  Technical  Report  WAL  tr  340.2/1,  Watertown  Arsenal  (March  1962). 

Ti  7AI4Mo,  Ti-7AI-3Mo,  Ti-6AI-4V;  Ti  4AI-3Mo-1V;  Ti- 1 6V-2.5AI;  Ti-13V-1  ICr  3AI;  Ti-7AI-4V.  Ti-6.5AI-3Mo- 1 V; 
’•■  oAl  1.5Fe  1.4Cr  1.2MO  6061-T6;  7075-T6;  2024-T4;  2017-T4;  2014-T6;  5086-H34;  ultimate  tensile  strength, 
tensile  yield  strength,  elongation;  reduction  in  area;  impact  properties;  -452  F 


211.  Hickey,  C.  F.,  Jr.,  "Mechanical  Properties  of  Titanium  and  Aluminum  Alloys  at  Cryogenic 
Temperatures",  Preprint  of  paper  presented  at  the  sixty-fifth  Annual  ASTM  Meeting 
(June  25  29,  1962). 

Ti  7AI  4Mo,  TI-7AI  3Mo,  Ti-6AI-4V,  Ti-4AI-3Mo-1  V,  Ti-16V-2,5AI;  Ti-13V-1 1Cr-3AI;  Ti-7AI-4V.  Ti-6.5AI-3Mo- 1 V; 
T,-5AM.5Fe-1Cr-1Mo;  6061-76;  7075-T6;  2024-T4;  2017-T4;  2014-T6;  5086-H34;  ultimate  tensile  strength; 
tensile  yield  strength,  elongation,  reduction  in  area;  impact  properties:  -452  F 


212.  Hilsen,  R.  R.,  Yen,  C.  S,,  and  Whiteson,  B.  V.,  "Low  Cycle  Fatigue  of  Ti-6AI-4V  at  -423  F", 
Paper  No.  48  presented  at  the  ASTM  Meeting,  Los  Angeles,  California  (October  1-5,  1962). 

Ti-6AI-4V;  low  cycle  fatigue;  -423  F 


213.  Hurlich,  A.,  "Materials  Requirements  For  Cryogenic  Temperature  Applications",  Paper  pre- 
sented at  the  ASM  1962  Golden  Gate  Metals  Conference  (February  15-17,  1962). 

Ti-5AI-2.5Sn,  AISI  301;  AISI  304L;  AISI  310;  2014-T6;  2219-T81;  5052-H38;  7079-T6;  Ti-6AI-4V,  Ti-BAI- 
IMo-IV;  Ti-5AI-52r-5Sn;  Monel  alloy  K-500;  Inconel  X-750;  Rene  41,  Hastciloy  B;  ultimate  tensile  strength; 
tensile  yield  strength;  elongation;  notch  tensile  strength;  weld  properties;  -423  F 


214.  lannelli,  A.  A.,  and  Rizzitano,  F.  J.,  "Charpy  Impact  Tests  of  4340  Steel  and  6AI-6V  2Sn 
Titanium  Alloy,  Using  Standard  and  Thin  Charpy  Specimens,  Technical  Report  WAL-TR- 
112.5/3,  Watertown  Arsenal  (January  1962). 


AISI  4340;  Ti-6AI-6V-2Sn;  impact  properties;  -320  F 


215.  Jolley,  C.  E.,  "Fluorocarbons,  TFE  & FEP  Resins",  Machine  Design,  34  (22),  76-83 
(September  20,  1962). 

Polytetrdfkioroethylene  (Teflon);  tensile  yield  strength;  elongation;  flexural  modulus;  -321  F 

216.  Kaufman,  J.  G.,  and  Nelson,  F.  G.,  "Cryogenic  Temperatures  up  Fatigue  Strengths  of 
Al-Mg  Alloys",  Space  /Aeronautics,  38  (1),  91-93  and  96  (July  1962). 

5083-H113;  508G-H32;  5454-1-132;  5456-H32;  ultimate  tensile  strength,  tensile  yield  strength;  elongation; 
weld  properties;  fatigue  properties;  -320  F 

217.  King,  E.  J.,  "Cryogenic  Properties  of  2014-T6  and  A-286.  Phase  M",  Technical  Report 
BLR  61-35-M,  Bell  Aerosystems  Company,  Contract  AF  33(657)-8555  (June  1962). 

2014-T6;  A-286;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area,  modulus  of 

elasticity;  -320  F j 


218.  Kropschot,  R.  H.,  "Mechanical  Properties  of  Materials”,  Applied  Cryogenic  Engineering,  Chapter 
3,  44-59,  John  Wiley  & Sons,  Inc.,  New  York  (1962). 

2014-T6;  2024T3;  5052-H34;  5056-FI34;  6061-T6:  copper;  Munt^  metal;  Berylco  25:  AISI  302.  AISI  304, 

AISI  310;  AISI  316;  titanium;  Ti-5AI-2.5Sn;  Ti-6AI-4V,  AISI  1010;  AISI  1020;  ultimate  tensile  strength, 
tensile  yield  strength;  elongation;  ini()act  properties;  20  K 

Mylai;  Teflon;  Kel-F;  polyvinylchloride;  nylon;  ultimate  tensile  strength;  77  K 

219.  Lems,  W.,  "The  Change  of  Young's  Modulus  of  Copper  and  Silver  After  Deformation  at 
Low  Temperature  and  Its  Recovery",  Physica,  28,  445-452  (1962). 

Co|)()er;  silver;  modulus  of  elasticity;  -190  C 


220.  Lismer,  R.  E.,  "Properties  of  Some  Alloys  and  Weld  Metal  Deposits  at  Low  Temperatures", 
Welding  and  Metal  Fabrication,  30  (1),  19-27  (January  1962). 

5086;  Cu-IONi  (Kunifer  10);  Cu-30Ni;  Cu-20Ni;  AISI  347;  ultimate  tensile  strength;  tensile  yield  strength; 
elongation;  reduction  in  area;  impact  ()ro()erties;  weld  properties;  -196  C 

221.  Lovoy,  C.  V.,  "Low  Temperature  Mechanical  Properites  of  Inconel  X and  Its  Weldments", 
Internal  Note  IN  P&VE-M-62-5,  NASA  George  C.  Marshall  Sftace  Flight  Center  (July  24,  1962). 

Inconel  X-750;  ultimate  tensile  strength;  tensile  yield  strength;  elongation:  notch  tensile  strength;  weld 
pro|)crties;  -423  F 

222.  Lovoy,  C.  V.,  "Low  Temperature  Mechanical  Properties  of  X-2020-T6  and  2219-T6  Aluminum 
Sheet  Alloys",  Internal  Note  IN-P&VE-M-62-3,  NASA  George  C.  Marshall  Space  Flight 
Center  (May  5,  1962). 

2020-T6,  2219-T6,  ultimate  tensile  strength,  tensile  yield  strength;  elongation;  notch  tensile  strength,  -450  F 
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223.  Martin,  0.  L,  "A  Modified  Continuous-Heating  Calorimeter  For  the  Temperature  Range  15 
to  300  K",  Canadian  Journal  of  Physics,  40,  1166-1173  (1962). 

Copper;  specific  heal;  15  K 


224.  Mikesell,  R.  P.,  and  McClintock,  R.  M.,  “A  Method  of  Measuring  Shear  Modulus  From  -424 
to  70  F",  Proceedings  of  the  1961  Cryogenic  Engineering  Conference,  509-513  (1962). 

Cu-1.8Be  (Berylco  25);  shear  modulus;  -424  F 


225.  Morgan,  \N.  R.,  "Low  Temperature  Mechanical  Properties  of  A-286  Alloy  and  Its  Weldments", 
Technical  Report  IN-P&VE-M-62-4,  NASA  George  C.  Marshall  Space  Flight  Center  (1962). 

A-286;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  weld  properties;  -423  F 


226.  Morgan,  W.  R.,  "Low  Temperature  Mechanical  Properties  of  K-Monel  Alloy  and  Its 

Weldments",  Internal  Note  IN-P&VE-M-62-8,  NASA  George  C.  Marshall  Flight  Space  Center 
(August  28,  1962). 

Monel  alloy  K-500;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile  strength; 
weld  properties;  -423  F 


227.  Morgan,  W.  R.,  "Mechanical  Properties  of  2219-T87  Alloy  Plate  at  Room  and  Cryogenic 
Temperatures",  Internal  Note  IN-P&VE-M-62-9,  NASA  George  C.  Marshall  Space  Flight 
Center  (October  5,  1962). 

2219-T87,  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile  strength;  -423  F 


228.  Morin,  F.  J.,  Maita,  J.  P.,  Williams,  H.  J.,  et  al,  "Heat  Capacity  Evidence  for  a Large 

Degree  of  Superconductivity  in  1/303  in  High  Magnetic  Fields",  Physical  Review  Letters, 
8 (7),  275  277  (April  1,  1962). 

V3Ga;  superconductivity;  specific  heat,  1.5  K 


229.  Mowers,  R.  E.,  "Program  of  Testing  Nonmetallic  Materials  at  Cryogenic  Temperatures", 
Final  Report,  Technical  Documentary  Report  RTD-TDR-63-1 1,  Rocketdyne  Division 
of  North  American  Aviation,  Inc.,  Contract  AF  04(61  D-6354  (December  30,  1962). 

Teflon,  Kel-F,  Mylar;  nylon;  tensile  yield  strength;  ultimate  tensile  strength  flexural  strength;  flexural 
modulus;  compressive  strength;  compressive  modulus;  impact  strength,  thermal  expansion;  423  F 


230.  Noonan,  J.  W,,  "Materials  in  the  Design  of  Seals  for  Extreme  Environments”,  Machine 
Design,  34  (19),  186-196  (August  16,  1962). 

Teflon,  Kel-F,  ultimate  tensile  strength;  elongation;  compressive  strength,  flexural  strength;  impact  properties, 
320  F 
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231  Rice,  L.  P.,  Campbell,  J.  E.,  and  Simmons,  W.  F.,  "Tensile  Behavior  of  Parent  Metal  and 
Welded  5000 Series  Aluminum-Allov  Plate  at  Room  and  Cryogenic  Temperatures",  Pro- 
ceedings of  the  1961  Cryogenic  Engineering  Conference,  478  489  (1962). 

5454-0,  5454-H34;  5456-0,  5456-H321;  5086-0:  5086-H34;  5083-0:  5083-H113;  AISI  304:  ultimate  tensile 
strength:  tensile  yield  strength;  elongation;  reduction  in  area;  notch  tensile  strength;  weld  properties;  -423  F 


232.  Satterthwaite,  C.  B.,  "Thermal  Conductivity  of  Normal  and  Superconducting  Aluminum", 
Physical  Review,  1 25  (3),  873  876  (February  1,  1962). 

Aluminum;  thermal  conductivity,  0.32  K 


233.  Sinnott,  K.  M„  "Dynamic  Shear  Behavior  of  High  Polymers  at  Low  Frequencies",  SPE 
Transactions,  2 (1),  65  73  (January  1962). 

Polymethylmethacrylate:  polystyrene;  polytetrafluoroethylene;  shear  modulus;  4.2  K 

234.  Smith,  G.  W.,  "Centaur  Biaxial  Fatigue  Tests  - Model  55",  Technical  Report  AE62-0866, 
Astroriautics/General  Dynamics,  Contract  AF  18(600)1775  (October  15,  1962). 

AISI  301;  ultimate  tensile  strength;  tensile  yield  strength:  elongation;  fatigue  properties;  -423  F 


235.  Smith,  M.  B.,  and  Susman,  S.  E.,  "Adhesives  for  Low  Temperatures",  Machine  Design,  34 
(25),  188  192  (October  25,  1962). 

7075-T6;  shear  ultimate  strength;  peel  strength,  impact  properties;  compression  properties,  -320  F 


236.  Van  Elst,  H.  C.,  Lubach,  B.,  and  Van  Den  Berg,  G.  J.,  "The  Magnetization  of  Some  Nickel 
Alloys  in  Magnetic  Fields  Up  to  15  kOe  Between  0 and  300  K , Physica,  28,  1297-1317 
(1962). 

Ni-ICr,  Ni-5Ci.  Ni-9Cr,  Ni-2Mn,  Ni-5Mii,  Ni-lIMn;  Nli-40Cu;  Ni-50Cu;  Cu-40Ni;  Cu-20Ni;  magnetization;  0 K 


237.  Van  Itterbeek,  A.,  and  Labro,  M.,  "Magnetic  Susceptibility  of  Zinc  and  Brass  Between  Room 
Temperature  and  1.2  K",  Physica,  28,  721-726  (1962). 

Zinc,  brass,  magnetic  susceptibility;  1.2  K 


238.  Warfield,  R.  W.,  and  Petree,  M.  C.,  "Thermodynamic  Properties  of  Polymethyl  Methacrylate 
and  Methyl  Methacrylate",  NOLTR  62-98,  U.S.  Naval  Ordnance  Laboratory  (January  17, 
1962). 

Polystyrene,  plexiglas;  specific  heat;  0 K 
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239.  "Armco  Stainless  Steels",  Manufacturer's  Literature,  Armco  Steel  Corporation  (19631. 

AISI  302;  AISI  304;  AISI  316:  AISl  321;  17-4PH;  AISI  410,  ultimate  tensile  strength,  tensile  yield  strength; 
elongation;  impact  properties;  -320  F 


240.  "Cryogenic  Tensile  Properties  of  Ti-5AI-2.5Sn",  Technical  Report  M-2135,  Aerojet-General 
Corporation  (May  14,  1963). 

Ti-5AI-2.5Sn;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area;  modulus  of 
elasticity;  notch  tensile  strength;  -423  F 


241.  "Materials  and  Structures  Program",  Technical  Report  TDR-169-3240TNI,  SSD-TDR-63-76, 
Aerospace  Corporation,  Contract  AF  04-695-169  (May  1963). 

Rene  41;  L-605;  graphite;  creep  properties;  superconductivity:  -320  F 


242.  "18%  Ni  Maraging  Steel  Evaluation  For  Structural  Material",  Technical  Report  63-247, 

Aerojet-General  Corporation  (March  29,  1963). 

Maraging  (250);  ultimate  tensile  strength,  tensile  yield  strength;  elongation;  notch  tensile  strength;  -420  F 


243.  Anderson,  A.  C.,  Reese,  W.,  and  Wheatley,  J.  C.,  "Thermal  Conductivity  of  Some  Amorphous 
Dielectric  Solids  Below  1 K",  Review  of  Scientific  Instruments,  34  (12),  1386-1390 
(December  1963). 

Teflon;  nylon;  Kel-F;  Cu-30Ni;  thermal  conductivity:  0.7  K 


244.  Barker,  R,  E.,  Jr.,  "An  Approximate  Relation  Between  Elastic  Moduli  and  Thermal  Expan- 
sivities", Journal  of  Applied  Physics,  34  (1),  107-116  (January  1963). 

Silver;  aluminum;  polyethylene;  polystyrene;  thermal  expansion;  specific  heat;  modulus  of  elasticity;  5 K 


245.  Bell,  J.  H.,  Jr.,  "Materials  of  Construction",  Cryogenic  Engineering,  Chapter  6,  131-167, 
Prentice-Hall,  Inc.,  New  Jersey  (1963). 

3003;  5052;  5154;  5085;  5086;  5454;  5356;  5083;  5456;  6061;  ultimate  tensile  strength;  tensile  yield 
strength;  elongation;  reduction  in  area;  weld  properties;  shear  ultimate  strength,  impact  properties,  -320  F 

Aluminum;  magnesium;  copper;  nickel;  manganese;  Iron;  chromium;  18/8  stainless;  Monel  400;  Teflon; 
specific  heat;  -423  F 

AISI  304,  AISI  1020;  Monel  400;  Inconel  600,  copper,  nickel,  aluminum;  magnesium;  zinc;  titanium; 
thermal  expansion;  -423  F 


246.  Belton,  J,  H.,  Godby,  L.  L.,  and  Taft,  B.  L.,  "Materials  for  Use  at  Liquid  Hydrogen 

Temperatures",  Paper  presented  at  the  Sixty-Third  Annual  ASTM  Meeting,  Atlantic  City, 

New  Jersey  (June  26-July  1,  1963). 

2024-T4;  2014-T6;  6061-T6:  7075-T6:  355-T6:  Inconel  X-750;  Waspalloy;  Hastelloy  X:  Inco  702,  Cu-2Co- 
0.5Be  (Berylco  101:  Cu-l.OBe  (Berylco  25);  Cu-3Si-2.8Zn-1.5Fe  (iron-silicon  bronze);  Ti-6AI-4V;  Ti-5AI-2.5Sn; 
AISI  9310;  A- 286:  AISI  51410;  AISI  51440;  AISI  30347;  IM-155;  Teflon;  Kel-F;  ultimate  tensile  strength; 
tensile  yield  strength;  elongation;  reduction  in  area;  hardness;  thermal  expansion;  -423  F 


247.  Bowers,  W.  D.,  "Cryogenic  Tensile  Properties  of  18%  Ni-Co-Mo  Steel",  Technical  Report 
M-2132,  Aerojet-General  Corporation  (March  19,  1963). 

Maraging  (350);  ultimate  tensile  strength,  tensile  yield  strength;  elongation;  modulus  of  elasticity;  notch 
tensile  strength;  -423  F 


248.  Bowers,  W.  D.,  "Cryogenic  Tensile  Properties  of  Inconel  718",  Technical  Report  M-2131, 
Aerojet-General  Corporation  (April  18,  1963). 

Inconel  718;  ultimate  tensile  strength:  tensile  yield  strength;  elongation;  modulus  of  elasticity;  notch  tensile 
strength:  -423  F 


249.  Brisbane,  A.  W,,  "The  Influence  of  Loading  Rate  and  Stress  Concentration  Factors  on  Notch 
Properties  of  Three  Sheet  Alloys  at  Room  Temperature,  -78  C,  and  -196  C",  Proceedings  of 
the  1962  Cryogenic  Engineering  Conference,  641-653  (1963). 

AISI  301,  Rene  41;  Vascojet  1000;  ultimate  tensile  stiength;  tensile  yield  strength;  elongation;  notch 
tensile  stiength;  -196  C 


250.  Christian,  J.  L.,  Hurlicti,  A.,  Chafey,  J.  E.,  and  Watson,  J.  t.,  "Mechanical  Protierties  of 
Titanium-5AI  2.5Sn  Alloy  at  Room  and  Cryogenic  Temperatures",  Technical  Report  AR 
592-1-373,  Astronautics/General  Dynamics  (1963). 

Ti-5AI-2.5Sn;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile  strength,  weld 
properties,  423  F 


251.  Christian,  J.  L.,  and  Kerr,  J,  R.,  "Selection  of  Optimum  Materials  for  Use  in  Liquid- 
Hydrogen-Fueled  Aerospace  Vehicles",  ASD-TDR-63-798,  Astronautics/General  Dynamics, 
WPAFB  Contract  AF  33(657)  9445  (October  1963). 

L-605,  Hastelloy  X;  Rene  41;  R-235,  Inconel  718.  Ti-5AI-2.5Sn,  Ti-8AI- 1 Mo- 1 V TI-13V-1 1Cr-3AI; 

AISI  301,  AISI  310,  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile  strength, 
weld  propel  lies,  fatigue  properties;  -423  F 

252.  Christian,  J.  L.,  and  Hurlich,  A.,  "Physical  and  Mechanical  Properties  of  Pressure  Vessel 
Materials  for  Application  in  a Cryogenic  Environment.  Part  H",  ASD-TDR  62-258,  Part  II, 
Astronautics/General  Dynamics,  WPAFB  Contract  AF  33(616)  7719  (April  1963). 

AISI  301,  AISI  310,  Rene  41,  2014-T6,  2219-T81,  Ti-6AI-4V,  ultimate  tensile  strength,  tensile  yield  strength, 
elongation,  modulus  of  elasticity;  haidness;  notch  tensile  strength,  fracture  toughness,  weld  properties;  -423  F 
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Christian,  J.  L.,  "Selection  of  Materials  for  Saturn  Vehicle  (S-11)",  Technical  Report  MRG 
192,  General  Dynamics,  Contract  AF  33(6161-7984  (March  1963). 

AISI  304L,  AISI  310;  Ti-5At-2.5Sn;  2014-T6;  5052. H38;  6061  T6;  ultimate  tensile  strength;  tensile  yield 
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305.  Christian,  J.  L.,  "Effects  of  Chemistry  and  Processing  on  the  Mechanical  Properties  of  Engi- 
neering Alloys  at  Cryogenic  Temperatures",  Metals  Engineering  Quarterly,  4 (3),  53-63 
(August  1964). 

AISI  301;  AISI  310;  AM  355;  Ti-5AI-2.5Sn;  Ti-6AI-4V;  Ti-8AI-2Cb-1Ta,  ultimate  tensile  strength;  tensile 
yield  strength;  elongation;  notch  tensile  strength;  -423  F 

306.  Cody,  G.  D.,  and  Cohen,  R.  W.,  "Thermal  Conductivity  of  Nb.,Sn",  Reviews  of  Modern 
Physics,  36  (1),  121-123  (January  1964). 

Nb3Sn;  thermal  conductivity;  2.6  K 


307.  Collings,  E.  W.,  Hedgcock,  F.  T.,  et  al,  "Magnetic  and  Electrical  Properties  of  Some  Ternary 
Mq-Mn-AI  Alloys  at  Low  Temperatures",  Philosophical  Magazine,  Series  8,  10  (103),  159-167 
(July  1964). 

Magnesium  alloys;  electrical  resistivity;  magnetic  susceptibility;  magnetoresistance;  4.2  K 


308.  Cribier,  D.,  Farnoux,  B.,  Jacrot,  B.,  Rao,  L.  M.,  et  al,  "Neutron  Diffraction  by  Vortex  Lines 
in  Superconducting  Niobium",  Paper  presented  at  the  International  Conference  on  Magnetism, 
Nottingham  (September  1964). 

Niobium;  magnetic  induction;  superconductivity;  4.2  K 


309.  Cullen,  G.  W.,  and  Novak,  R.  L.,  "Effect  of  Fast-Neutron  Induced  Defects  on  the  Current 
Carrying  Behavior  of  Superconducting  Nb.,Sn",  Applied  Physics  Letters,  4 (8),  147-149 
(April  15,  1964). 

NbjSn,  superconductivity;  4.2  K 

310.  D'Annessa,  A,  T.,  and  Friend,  R.  E.,  "Properties  of  X7000-Series  Aluminum  Alloy  Weldments", 

Welding  Journal,  Welding  Research  Supplement,  337s- 343s  (August  1964). 

7002;  7006;  7039;  ultimate  tensile  strength;  tensile  yield  strength,  elongation;  weld  properties;  -320  F 

311.  DeMoney,  F.  W.,  "Performance  of  a New  Cryogenic  Aluminum  Alloy,  7039",  Proceedings  of 
the  1963  Cryogenic  Engineering  Conference,  112-123  (1964). 

7039-T6;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile  strength;  weld  properties; 

320  F 
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312.  Denaburg,  C.  R.,  "Low  Temperature  Mechanical  Properties  of  8AI-IM0-IV  Titanium  Alloys 
and  Composite  Weldments",  Technical  Memorandum  NASA  TM  X-53178  (December  11,  1964). 

Ti-6AI-4V;  Ti-8AI-1Mo1V;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile  strength; 
weld  properties;  -253  C 

313.  DeSisto,  T.  S.,  and  Carr,  F.  L.,  "The  Influence  of  Subzero  Rolling  on  the  Tensile  Properties 
of  Commercially  Pure  Titanium  ",  Technical  Report  AMRA  TR-64-47,  Watertown  Arsenal 
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Ti-55A;  ultimate  tensile  strength;  elongation;  reduction  in  area;  -320  F 

314.  DeSorbo,  W.,  "Resistive  Transition  and  Current  Density  Characteristics  in  Superconducting 
Niobium  Containing  Dissolved  Gases",  Physical  Review,  134  (5A),  A1119-A1135  (June  1, 
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Niobium;  superconductivity;  4.2  K 


315.  DeSorbo,  W.,  "The  Influence  of  Impurities  and  Solutes  (Primarily  Zirconium)  on  the  High- 
Current-Carrying,  High-Field  NbaSn  Superconductor",  Cryogenics,  4 (2),  218-232  (August  1964). 

NbjSn;  superconductivity;  4.2  K 
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Physics  Letters,  8 (2),  99-100  (January  15,  1964). 

Copper,  thermal  conductivity;  below  1 K 

317.  Eichenberger,  T.  W.,  "Mechanical  Property  and  Fracture  Toughness  Evaluation  of  2219- 
T6E46  for  Cryogenic  Applications",  Final  Report  D2-81287,  Boeing  Company,  Contract 
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2219-T6E46;  ultimate  tensile  strength;  tensile  yield  strength;  notch  tensile  strength;  creep  properties; 
fatigue  properties;  fracture  toughness;  -423  F 

318.  Evans,  R.  M.,  "The  Welding  and  Brazing  of  Alloy  718",  DMIC  Report  204  (June  1,  1964). 
Inconel  718;  weld  properties;  fracture  toughness;  -320  F 

319.  Flannery,  J.  W.,  and  Witherell,  C.  E.,  "Welding  SVi  and  9 Percent  Nickel  Steels  and  36  Percent 
Nickel-Iron  Alloy  for  Cryogenic  Service",  Materials  Research  & Standards,  4 (10),  533-539 
(October  1964). 

3Ni  steel;  9Ni  steel;  Invar;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  impact  properties; 
weld  properties;  -423  F 
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320.  Fox,  D.  K.,  and  Pryle,  W.  H.,  "Test  Apparatus  and  Tensile  Properties  of  Niobium-Zirconium 
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Nb-25Zr;  ultimate  tensile  strength;  tensile  yield  strength;  reduction  in  area;  4.2  K 


321.  Furukawa,  G.  T.,  Reilly.  M.  L.,  and  Saba,  W.  G.,  "Electrical  Resistances  of  Wires  of  Low 
Temperature  Coefficient  of  Resistance  Useful  in  Calorimetry  (10-380  K)",  Review  of 
Scientific  Instruments,  35  (1),  113-114  (January  1964). 

Cu-12Mn.4Ni  (Manganin);  Cu-43Ni  (Constantan)(Advance);  Ni-20Cr  (Karma);  Ni-20Cr-2.5AI-2.5Cu  (Evanohm); 
electrical  resistivity;  10  K 

322.  Girton,  L.  D.,  "Evlauation  of  Sheet  Alloy  718  for  Formed  and  Welded  Missile  Parts", 
Technical  Report  GD/A  ERR-AN-656,  General  Dynamics/Astronautics  (December  1964). 

Inconel  718;  AISI  301;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile  strength; 
shear  ultimate  strength,  weld  properties;  -423  F 

323.  Gruner,  J.  D.,  "Additional  Information  Pertaining  to  the  Effects  of  Chemical  Milling  on 
the  Mechanical  Properties  of  Cold  Rolled  Stainless  Steel",  Technical  Report  AR  592-1  521, 
General  Dynamics/Astronautics  (April  16,  1964). 

AISI  301;  AISI  310;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  fatigue  properties,  weld 
properties;  -423  F 
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Alloys  of  3d-Transition  Elements",  Journal  of  Physical  Chemistry  Solids,  25,  73-83  (1964). 

Iron  alloys;  vanadium  alloys;  manganese  alloys;  nickel  alloys;  cobalt  alloys;  specific  heat;  1.4  K 
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Ti-6AI-4V;  Ti-5AI-2.5Sn;  AISI  301;  AISI  310;  A-286;  2014-T6,  2024-T3;  2219-T81;  6061-T6;  Inconel  X 750; 
Rene  41,  L-605;-423  F;  ultimate  tensile  strength;  tensile  yield  strength;  -320  F 

326.  Haskins,  J.  F.,  Campbell,  M.  D.,  Hertz,  J.,  and  Percy,  J.  L,,  "Thermophysical  Properties  of 
Plastic  Materials  and  Composites  to  Liquid  Hydrogen  Temperature  (-423  F)",  Technical 
Documentary  Report  ML  TDR-64-33,  Part  I,  General  Dynamics/Astronautics,  Contract  AF 
33(657)  9160  (June  1964). 

Fiber  reinforced  composites;  resin  matrix  composites;  specific  heat;  thermal  conductivity;  thermal  expansion, 
423  F 
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Titanium  alloys;  superconductivity;  specific  heat;  -320  F 
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Aerojet-General  Corporation  (January  31,  1964). 

Inconel  718;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  -423  F 


329.  Jolley,  C.  E.,  Homsy,  C.  A.,  and  Reed,  J.  C.,  "TFE-FEP  Fluorocarbons",  Machine  Design, 
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Polytetrafluoroethylene;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  flexural  modulus;  com- 
pressive strength;  thermal  conductivity;  -420  F 
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Fe-3.25Si;  fracture  properties;  77  K 
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of  Applied  Physics,  35  (2),  327  330  (February  1964). 

Aluminum;  modulus  of  elasticity;  4.2  K 
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SSD-63-371,  Aerospace  Corporation,  Contract  AF04  (695)-269  (January  1964). 

AISI  202;  AISI  oOl;  AISI  301;  AISI  304L;  AISI  310;  A-286;  AM355;  Monel  alloy  K-500.  Inconel  X-750; 
Rene  41.  L-605;  Hastelloy  B;  2014-T6;  2017-T4;  2024-T4;  2219-T87;  5052-H38;  5083-H38.  5086-H34; 
5154-H38;  5456-H343;  6061-T6;  7075-T6;  7079-T6;  7178-T6;  titanium;  Ti-5AI-2.5Sn;  Ti-5AI-5Zr-5Sn;  Ti  6AI 
4Zr-1V;  Ti-7AI-12Zr;  Ti-8AI-2Cb-1Ta;  T1-8AI-IM0-IV;  Ti-6AI-4V;  Ti-13V-1 1Cr-3AI;  ultimate  tensile  strength; 
tensile  yield  strength;  elongation;  notch  tensile  strength;  weld  properties;  fatigue  properties;  -423  F 


333.  Keys,  R.  D.,  and  Schwartzberg,  F.  R.,  "Axial  Fatigue  Testing  of  Sheet  Materials  Down  to 
-423  F",  Materials  Research  and  Standards,  4 (5),  222-224  (May  1964). 

7075-T6,  5456-H343;  Ti-5AI  2.5Sn,  fatigue  properties;  -423  F 


334.  Klyavm,  O.  V.,  and  Stepanov,  A.  V.,  "Surface  Condition  as  Affecting  the  Irregular  Defor- 
mation of  Aluminum  at  T=1.3  K",  Physics  of  Metals  and  Metallography,  T7  (4),  106-113 
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Aluminum,  plastic  deformation,  stress  strain  data,  1.3  K 


335.  Lerner,  E.,  Wilson,  M.  F.,  Gaines,  J.  R.,  and  Daunt,  J.  G.,  "Magnetic  Properties  of  Cupron 
Wire  at  Low  Temperatures",  Review  of  Scientific  Instruments,  35  (1),  117  (January  1964). 


Cu-45Ni  (Cupron);  magneti^ation,  4.2  K 

336.  Lerner,  E.,  and  Daunt,  J.  G.,  "Magnetoresistance  Effect  in  Advance  and  Evanolim  Wires  at 
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Cu-43Ni  (Advance):  Ni-20Cr-2.5AI-2.5Cu  (Evanhom);  maqnetoresistance;  electrical  resistivity;  4.2  K 

337.  Lismer,  R.  E.,  "Copper  Alloys  for  Cryogenic  Service  - I",  Metal  Industry,  104  (16),  532  535 
(April  16,  1964). 

Cu-10Ni  (Cupro-nickel):  Cu-20Ni  (Cupro-nickel);  Cu-30Ni  (Cupro-nickel);  Cu-40Zn  (brass);  Cu-5Ni-1Fe 
(Kunifer  5);  Cu-20Ni-1Fe  (Kunifer  20);  Cu- 1 2Mn-7AI-2Ni-2Fe  (Superston);  notch  tensile  strength;  impact 
properties;  • 196  C 

338.  Lismer,  R.  E.,  "Copper  Alloys  for  Cryogenic  Service  - II",  Metal  Industry,  104  (17),  564- 
565  (April  23,  1964). 

Cu-20Ni  (Cupro-nickel):  Cu-30Ni  (Cupro-nickel);  Cu-5Ni-1Fe  (Kunifer  5);  Cu-IONi-IFe  (Kunifer  10),  Cu-20Ni- 
IFe  (Kunifer  20);  weld  properties;  -196  C 

339.  Livingston,  J.  D.,  and  Schadler,  H.  W.,  "The  Effect  of  Metallurgical  Variables  on  Super- 
conducting Properties",  Progress  in  Materials  Science,  12  (3),  185-284  (1964). 

Superconductor  materials;  magnetic  properties;  electrical  properties;  review 

340.  Lorenz,  P.  M.,  "Fracture  Toughness  and  Subcritical  Flaw  Growth  Characteristics  of  Saturn 
Sl-C  Tankage  Materials",  Technical  Report  D2-22802,  Boeing  Company,  Contract  NAS  8 5608 
(April  6,  1964). 

2219-T87;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area;  weld  properties; 
fracture  toughness,  -320  F 

341.  Lubell,  M.  S.,  and  Chandrasekhar,  B.  S.,  "Wide  Range  Magnetic  Field  Measurements  at 
4.2  K",  Review  of  Scientific  Instruments,  35  (7),  906-908  (July  1964). 

Copper;  magnetoresistanco;  4.2  K 

342.  Martin,  H.  L.,  "Effects  of  Low  Temperatures  on  Structural  Metals",  Technical  Report  NASA 
SP  5012  (December  1964). 

2014;  2020;  2119;  5052;  5086;  5456;  7002;  7075;  7079;  7178;  355:  Carpenter  20Cb.  A 286;  AISI  202. 
maraging  steel;  Ti-6AI-4V;  Ti  5AI-2.5Sn;  Ti  1 3V- 1 1Cr-3AI;  Inconel  X-750;  Waspalloy.  Monel  alloy  K 500. 

Rene  41;  LA  91 , LA  1 41 , ultimate  tensile  strength;  tensile  yield  strength;  elongation,  notch  tensile  strength, 
weld  properties.  423  F 
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Ti-6AI-4V;  Ti-5AI-2.5Sn;  weld  properties:  -423  F 
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SPE  Journal,  20  (7),  634-637  (July  1964). 

Polytetrafluoroethylene:  polyethylene;  dielectric  properties;  flexure  strength;  4.2  K 

345.  McConville,  T.,  and  Serin,  B.,  "Thermal  and  Magnetic  Properties  of  Second  Kind  Super- 
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36  (1),  112-116  (January  1964). 

Niobium;  specific  heat;  0.06  K 

346.  McEvoy,  J.  P.,  Jr.,  Decell,  R.  F.,  and  Novak,  R.  L,  "Effect  of  Neutron  Irradiation  on 
Critical  Currents  in  Hard  Superconductors  (Nb^Sn  and  NbZr)",  Applied  Physics  Letters,  4 
(3),  43-45  (February  1,  1964). 

NbjSn;  Nb-25Zr;  superconductivity;  4.2  K 

347.  "9%  Nickel  Steel  for  Low  Temperature  Service",  Manufacturers'  Literature,  International 
Nickel  Company,  Inc. 

9Ni  steel;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area;  impact  properties; 
weld  properties;  thermal  expansion;  magnetic  properties;  -300  F 

348.  Mishler,  H.  W.,  "Steels  for  Piping  Systems  with  Maximum  Pressures  of  10,000  psi,  and 
Operating  Between  150  and  +150  F",  Technical  Report  RSIC-327,  Battelle  Memorial 
Institute,  Contract  DA-01-021-AMC-203?  (November  1964). 

9Ni  steel;  weld  properties:  impact  properties;  fracture  properties;  -150  F 

349.  Mueller,  C.  B.,  and  Saur,  E.  J.,  "Influence  of  Mechanical  Constraints  on  Critical  Currents  of 
Superconducting  Surface  Layers  of  NbjSn  on  Niobium  and  VjGa  on  Vanadium  in  Transverse 
Magnetic  Fields",  Proceedings  of  the  1963  Cryogenic  Engineering  Conference,  338  341 
(1964). 

NbiSn,  V,Ga;  superconductivity;  14  K 

350.  Muto,  Y.,  Noto,  K.,  and  Hedgcock,  F.  T.,  "Magnetoresistivity  Behavior  of  Some  Dilute 
Cu  Fe,  Cu  Mn,  and  Cu  Zn  Alloys  at  Liquid  Helium  Temperatures",  Canadian  Journal  of 
Physics,  42,  15-25  (January  1964). 

Copper,  copper  alloys;  magnetic  properties;  4.2  K 
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Vessels  at  Cryogenic  Temperatures",  NASA  Technical  Note  NASA  TN  D-2202  (October  1964). 

AISI  301;  ultimate  tensile  strength;  tensile  yield  strength;  notch  tensile  strength;  fracture  toughness;  -423  F 

352.  Peters,  R.  L.,  "Specific  Heats  of  Materials  at  Low  Temperatures",  Materials  in  Design  En- 
gineering, ^ (5),  87  (May  1964). 

Aluminum;  beryllium;  cobalt;  copper;  iron;  magnesium;  molybdenum;  nickel;  niobium;  tin;  titanium;  tungsten; 
vanadium;  specific  heat;  nomograph;  -450  F 

353.  Phillips,  N.  E.,  "Low-Temperature  Heat  Capacities  of  Gallium,  Cadmium,  and  Copper", 

Physical  Review,  134  (2A),  A385-A391  (April  20,  1964). 

Copper;  cadmium;  gallium;  specific  heat;  0.2  K 


354.  Reed,  R.  P.,  and  Mikesell,  R.  P.,  "An  Anomalous  Decrease  of  the  Elastic  Moduli  at  Very 
Low  Temperatures  in  Some  300  Series  Stainless  Steels",  Preprint  of  Paper  No.  C-5  presented 
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AISI  302;  AISI  303;  AISI  310;  modulus  of  elasticity;  shear  modulus;  20  K 

355.  Rode,  V.  W.,  and  Herrmann,  R.,  "The  Investigation  of  the  Temperature  Dependence  of 
Saturation  Magnetization  of  Some  Ferromagnetic  Metals  at  Low  Temperatures",  Paper  pre- 
sented at  the  International  Conference  on  Magnetism,  Nottingham  (September  1964). 

Nickel;  Ni-26Fe;  Ni-37Fe;  Ni-59Fe;  magnetization.  4.2  K 


356.  Savitskii,  E.  M.,  Baron,  V.  V.,  Karasik,  V.  R.,  Akhmedov,  S.  Sh.,  et  al,  "The  Production  of 
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(April  1964). 

Nb-25Zr;  superconductivity,  4.2  K 
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2014  T6;  2219-T87;  2219-T62;  7039-T6;  5456-H343;  7075-T6;  202aT6,  Ti-5AI-2.5Sn;  T1-6AI  4V;  Ti  13V- 
11Cr-3AI;  AISI  321;  ultimate  tensile  strength;  tensile  yield  strength,  elongation;  modulus  of  elasticity; 
notch  tensile  strength;  weld  properties;  fatigue  properties;  -423  F 

358.  Shapiro,  J.  M,.  Taylor,  D,  R.,  and  Graham,  "A  Sensitive  Dilatometer  for  Use  at  Low 
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Copper,  thermal  expansion;  4.2  K 
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NASA  CR-71751,  Aerojet-General  Corporation,  AEC-NASA  Contract  SNP-1  (January  1,  1964). 


Ti-5AI-2.5Sn;  Ti-6AI-4V;  AISI  321;  AISI  347;  AM  350;  A-286;  maraging  (250);  Hastelloy  C;  Inconel  X 750; 
Alloy  713C;  A356-T6;  2219-T81;  5456-0;  6061-T6;  7079-T6;  Teflon;  ultimate  tensile  strength;  tensile  yield 
strength;  elongation;  reduction  In  area;  notch  tensile  strength;  -423  F 
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of  Physics,  ^ (10),  1890-1901  (October  1964). 

Aluminum;  plastic  deformation;  electrical  resistivity;  4 K 
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TI-6AI-4V;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area;  fracture  toughness; 
■320  F 


362.  Toth,  J.  M.,  "Barrier  Films  for  Filament  Wound  Fiberglass  Cryogenic  Vessels",  Advances  in 
Cryogenic  Engineering,  9,  537  544  (1964). 

Teflon;  Mylar;  fiberglass  composites;  thermal  contraction;  elongation;  compressive  properties;  -423  F 


363.  Vance,  R.  W.,  "Introduction  to  Cryogenics:  Materials  Behavior",  Machine  Design,  36  (24), 

176-179  (October  8,  1964). 

Copper;  silver:  aluminum;  titanium;  nickel:  Teflon;  AISI  302;  AISI  316;  AISI  304;  AISI  310;  2024-T6; 
Ti-5AI-2.5Sn;  2014-T6;  tensile  yield  strength;  ultimate  tensile  strength;  specific  heat;  thermal  conductivity; 
4.2  K 


364.  Van  Der  Hoeven,  J.  C.,  Jr.,  and  Keesom,  P.  H.,  "Specific  Fleat  of  Niobium  Between  0.4 
and  4.2  K",  Physical  Review,  134  (5A),  A1320-A1321  (June  1,  1964). 

Niobium;  specific  heat;  0,4  K 

365.  Weiman,  S.  M.,  "Cryogenic  Properties  of  Seven  Experimental  Titanium  Alloys",  R&D 
Technical  Report  SM  44674,  Douglas  Aircraft  Company,  Inc.  (March  17,  1964). 

Ti-5AI-2.5Sn  O.IFe;  Ti-5AI-2,5Sn-0.2Fe;  Ti-5AI-2.5Sn-0.3Fe;  Ti-5AI-2.5Sn-0.4Fe;  Ti-6AI-4Zr- 1 V;  Ti-6AI-4Z4-2V; 
Ti  4AI;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile  strength;  -423  F 

366.  Witherell,  C.  E.,  "Welding  Niclsel  lron  Alloys  of  the  Invar  Type",  Welding  Journal,  Welding 
Research  Supplement,  16 Is- 169s  (April  1964), 

Invar;  Fe-36Ni;  weld  properties;  impact  properties;  -320  F 
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1965 


367.  "Development  of  Stress  Relief  Treatments  for  High  Strength  Aluminum  Alloys",  Quarterly 
Progress  Report  No.  6,  Manlabs,  Inc.,  Contract  NAS  T1091  (June  1965). 

7178-T6;  7106-T63;  7039-T651;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in 
area;  fracture  toughness;  -320  F 

368.  "Effect  of  Low  Temperatures  on  Structural  Metals",  Light  Metal  Age,  23  (1/2)  (February 
1965). 

2014;  2020;  2119;  5052;  5086;  5456;  7002;  7075;  7079;  7178;  355;  A356;  Carpenter  20-Cb;  A- 286; 

AISI  202;  18NI  maraging;  Ti-6A1-4V;  Ti-5AI-2.5Sn;  Ti-1 3V-1 1 Cr-3AI;  Inconel  X-750;  Waspalloy;  Monel  alloy 
K-500;  Rene  41;  LA-91;  LA-141;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile 
strength;  weld  properties;  -423  F 

369.  "Low  Temperature  Properties  of  a Large  Inconel  718  Forging  for  Two  Heat  Treated 
Conditions",  Technical  Report  MPR-5-1 75-08,  Rocketdyne/North  American  Aviation 
(January  7,  1965). 

Inconel  718;  ultimate  tensile  strength;  tensile  yield  ctrength;  notch  tensile  strength;  impact  properties;  -423  F 


370.  "Weldable/Heat-Treatable  Aluminum  Alloy  7039",  Manufacturers'  Literature,  Kaiser  Aluminum 
& Chemical  Corporation  (June  1965), 

7039-T61;  7039-T64;  2219-T62;  7079-T6;  5083-H113;  ultimate  tensile  strength;  tensile  yield  strength; 
elongation;  notch  tensile  strength;  weld  properties;  impact  properties;  -320  F 

371.  Amundsen,  T.,  and  Olsen,  T.,  "Size-Dependent  Thermal  Conductivity  in  Aluminum  Filro", 
Philosophical  Magazine,  Series  8,  JJ.  (Ill),  561-574  (March  1965). 

Aluminum;  thermal  conductivity;  electrical  resistivity;  4,2  K 


372.  Betts,  R.  D.,  "Weld  Efficiencies  for  Inconel  718  TIG  Welds.  Weld  Efficiencies  of  Inconel 
718  Gas  Tungsten  Arc  Welds  in  the  -423  to  1500  F Temperature  Range",  Final  Report 
MPR  5- 1 75-363,  North  American  Aviation,  Inc.  (July  27,  1965). 

Inconel  718;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  weld  properties;  -423  F 


373.  Blythe,  H.  J.,  Holden,  T.  M.,  Dixon,  M.,  and  Hoare,  F.  E.,  "The  Magnetic  and  Thermal 
Properties  of  Some  Aluminum-Rich  Binary  Alloys",  Philosophical  Magazine,  Series  8,  JJ. 
(110),  235-250  (February  1965). 

Aluminum;  AI-2Mg;  AI-4Mg;  AI-6Mg;  AI-8Mg;  AI-IOMg;  magnetic  susceptibility;  specific  heat;  77  K 
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374.  Bullen,  F.  P.,  and  Rogers,  C.  B.,  "Strain-Hardening  Relationships  in  Polycrystalline  Aluminum", 
Philosophical  Magazine,  Series  8,  1J.  (109),  191-196  (January  1965). 

Aluminum;  copper;  flow  properties;  stress-strain  data;  0 K 


375.  Burford,  J.  C.,  and  Graham,  G.  M.,  "The  Molar  Heat  Capacity  of  Invar  at  Low  Temperatures", 
Canadian  Journal  of  Physics,  43,  1915-1917  (October  1965). 

Invar;  specific  heat;  1.4  K 


376.  Campbell,  J.  E.,  "Mechanical  Properties  of  Metals:  Review  of  Recent  Developments", 

Technical  Report,  Battelle  Memorial  Institute  (July  1965). 

Aluminum  alloys;  chromium  alloys;  nickel  alloys;  titanium  alloys;  stainless  steel;  mechanical  properties;  -423  F 

377.  Campbell,  J.  E.,  "Mechanical  Properties  of  Metals",  Technical  Report,  Battelle  Memorial 
Institute  (April  1965). 

AISI  321;  Ti-5AI-2.5Sn;  Ti-6AI-4V;  Ti-13V-1 1Cr-3AI;  2014-T6;  2219-T6E46;  ultimate  tensile  strength; 
tensile  yield  strength;  elongation;  notch  tensile  strength;  weld  properties;  fatigue  properties;  fracture 
mechanics;  -423  F 

378.  Campbell,  M.  D.,  "Thermal  Expansion  Characteristics  of  Some  Plastic  Materials  and  Compos- 
ites from  Room  Temperature  to  -253  C",  Advances  in  Cryogenic  Engineering,  10,  154-162 
(1965). 

Polytetrafluoroethylene  (Teflon);  thermal  expansion;  -253  C 

379.  Caren,  R.  P.,  Coston,  R.  M.,  Holmes,  A.M.C.,  and  Dubus,  F.,  "Low-Temperature  Tensile, 
Thermal  Contraction,  and  Gaseous  Hydrogen  Permeability  Data  on  Hydrogen-Vapor 
Barrier  Materials",  Advances  in  Cryogenic  Engineering,  10.  171-180  (1965). 

Mylar;  fiberglass;  laminates;  thermal  contraction;  tensile  properties;  -320  F 


380.  Carman,  C.  M.,  Armiento,  D.  F.,  and  Markus,  H.,  "Plane-Strain  Fracture  Toughness  of 

High-Strength  Aluminum  Alloys",  Transactions  of  the  ASME,  8Z  (4),  904-916  (December 
1965). 

5456-0;  7075-T6;  7178-T6;  2014-T6;  fracture  toughness;  -320  F 


381.  Chang,  Y.  A.,  and  Huitgren,  R.,  "The  Dilation  Contribution  to  the  Heat  Capacity  of  Copper 
and  Alpha-Brass  at  Elevated  Temperatures",  The  Journal  of  Physical  Chemistry,  69  (12), 
4162-4165  (December  1965). 

Copper;  Cu  lOZn  (brass);  specific  heat;  77  K 
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382.  Channing,  D.  A.,  and  Weintroub,  S.,  'Thermal  Expansion  of  Lead  at  Low  Temperatures", 
Canadian  Journal  of  Physics,  ^ (5),  955-959  (May  1965). 

Copper,  lead:  thermal  expansion;  10  K 


383.  Christian,  J.  L.,  and  Watson,  J.  F.,  "Mechanical  Properties  of  Several  2000  and  6000  Series 
Aluminum  Alloys",  Proceedings  of  the  1964  Cryogenic  Engineering  Conference,  63-76  (1965). 

2014-T6;  2024-T3:  2024-T4;  2219-T81;  2219-T87:  6061-T4;  6061-T6;  ultimate  tensile  strength,  tensile  yield 
strength:  elongation;  notch  tensile  strength;  weld  properties;  modulus  of  elasticity;  -423  F 

384.  Claiborne,  L.  T.,  and  Einspruch,  N.  G.,  ' Ultrasonic  Investigation  of  the  Microstructure  of 
Hard  Superconductors",  Technical  Report  AFM L-TR-65-254,  Texas  Instruments  Incorpo- 
rated, Contract  AF  33(615)1633  (August  1965). 

Nb-IZr;  Nb-2.6Zr;  Nb-3.5Zr;  magnetization;  ultrasonic  studies;  4.2  K 

i 

I 385.  Cody,  G.  C.,  et  al,  "Phenomenon  of  Superconductivity",  Technical  Report  AFML-TR-65-169, 

Radio  Corporation  of  America,  Contract  AF  33(657)-1 1 208  (June  1965). 

! 

I NbjSn;  magnetization;  specific  heat;  superconductivity;  18  K 


386.  Conrad,  H.,  "The  Cryogenic  Properties  of  Metals",  High-Strength  Materials,  Chapter  11, 
436-509,  John  Wiley  & Sons,  Inc.,  New  York  (1965). 

Copper;  aluminum;  niobium;  titanium;  zirconium;  ultimate  tensile  strength;  tensile  yield  strength;  elongation; 
modulus  of  elasticity;  77  K 

387.  D'Annessa,  A.  T.,  "Fracture  Toughness  of  X7000- Series  Aluminum  Alloy  Plate  Weldments", 
Welding  Journal  Research  Supplement,  509s-522s  (November  1965), 

7039;  7006;  7002,  weld  properties;  impact  properties;  fracture  toughness;  -320  F 


388.  Denaburg,  C.  R.,  "Low  Temperature  Mechanical  Properties  Evaluation  of  TD  Nickel",  Internal 
Note  IN-P&VE  M-65-7,  NASA  George  C.  Marshall  Space  Flight  Center  (December  15,  1965). 

TD-Nickel;  ultimate  tensile  strength;  tensile  yield  strength,  elongation,  423  F 

389.  Denaburg,  C.  R.,  "Low  Temperature  Mechanical  Properties  of  Aluminum  Alloy  2219  T87, 
0.040-lnch  Thick  Sheet  Through  5.000-Inch  Thick  Plate",  NASA  TM  X-53332  (September  14, 
1965). 

2219-T87:  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile  strength;  -253  C 
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390.  DeSisto,  T.  S.,  and  Hickey,  C.  F.,  Jr.,  "Low-Temperature  Mechanical  Properties  and  Frac 
ture  Toughness  of  Ti-6A1-6V  2Sn",  Technical  Report  AMRA  TR  65-17  (July  1965). 

TI-6AI.6V-2Sn;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area;  notch  tensile 
strength;  impact  properties;  fracture  toughness;  -269  C 

391.  Dixon,  M.,  Hoare,  F.  E.,  Holden,  T.  M.,  and  Moody,  D.  E.,  "The  Low  Temperature  Specific 
Heats  of  Some  Pure  Metals  (Cu,  Ag,  Pt,  Al,  Ni,  Fe,  Co)",  Proceedings  of  the  Royal  Society 
London,  A285  (1403),  561-580  (1965). 

Copper;  silver;  platinum;  aluminum;  nickel;  iron;  cobalt;  specific  heat;  1.2  K 


392.  Dralle,  A.  V.,  and  Moore,  J.,  "Magnetic  Properties  of  Materials",  Final  Report  NASA  TMX- 
55356,  NASA  Goddard  Summer  Workshop  Program  in  Analysis  of  Space  Data  and  Measure- 
ment of  Space  Environments,  D-61  through  D-72  (June  15- September  15,  1965). 

7075-T6;  5086-0;  5086-H32;  Beryllium-copper;  Monel  K-500;  ZK60A-T6;  AZ31B-H24;  6061-T6;  AISI  310; 
brass;  AZ92-T6;  Inconel  X-750;  magnetic  properties;  -320  F 

393.  Du  Chatenier,  F.  J.,  Boerstoel,  B.  M.,  and  DeNobel,  "Specific  Heat  Capacity  of  a Stainless 
Steel",  Physica,  1061-1062  (1965). 

17Cr  steel;  specific  heat;  1.3  K 


394.  Forsvoll,  K.,  "A  Refining  Effect  in  Super  Purity  Aluminum",  Philosophical  Magazine, 
Series  8,  H (110),  419-422  (February  1965). 

Aluminum;  electrical  resistivity;  4.2  K 


395.  Fraser,  D.  B.,  and  Hallett,  A.C.H.,  "The  Coefficient  of  Thermal  Expansion  of  Various 

Cubic  Metals  Below  100  K",  Canadian  Journal  of  Physics,  ^ (2),  193-219  (February  1965). 

Copper;  silver;  gold;  aluminum;  iron;  nickel;  thermal  expansion;  20  K 


396.  Gain,  B.  R.,  "The  Effect  of  Temperature  on  Cycle  Dependent  Deformation",  Technical 

Report  AFML-TR-65-288,  University  of  Illinois,  Contract  AF  33(657)10822  (August  1965). 

OFHC  copper;  creep  properties;  shear  stress;  fatigue  properties;  77  K 


397.  Gniewek,  J.  J.,  and  Ploge,  E.,  "Cryogenic  Behavior  of  Selected  Magnetic  Materials",  Journal 
of  Research  of  the  National  Bureau  of  Standards  - C.  Engineering  and  Instrumentation, 

69C  (3),  225-236  (July-September  1965). 

Fe-3Si,  Fe  48Ni;  magnetic  properties;  4 K 
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399. 


400. 


401. 


402. 


403. 


404, 


405. 


1 


Goetzel,  C.  G.,  Rittenhouse,  J.  B.,  and  Singletary,  J.  B.,  "Space  Materials  Handbook. 

Second  Edition",  Technical  Documentary  Report  ML-TDR-64-40,  Lockheed  Missiles  & Space 
Company,  Contract  AF  33(657)- 101 07  (January  1965). 

Teflon;  Kel-F;  Mylar;  nylon;  polyvinyl  chloride;  ultimate  tensile  strengt'  elongation;  impact  properties; 
modulus  of  elasticity;  compressive  modulus;  -423  F 

Hertz,  J.,  "Survey  of  Thermal  Properties  of  Selected  Materials",  Technical  Report  AR-504-1- 
553,  General  Dynamics/Convair  (February  15,  1965). 

2024;  7075;  AISI  301;  AISI  321;  Ti-5AI-2.5Sn;  Ti-6AI-4V;  copper;  polystyrene;  literature  survey;  specific 
heat;  thermal  conductivity;  8 R 

Isaacs,  L.  L,,  "Low  Temperature  Specific  Heat  of  Gold,  Silver,  and  Copper",  Journal  of 
Pnysical  Chemistry,  ^ (1),  307-308  (July  1965). 

Copper;  silver;  gold;  specific  heat;  1.5  K 

Johnston,  H.  L.,  Altman,  H.  W.,  and  Rubin,  T.,  "Coefficients  of  Thermal  Expansions  of 
Alloys  at  Low  Temperatures",  Journal  of  Chemical  and  Engineering  Data,  10  (3),  241-242 
(1965). 

Monel  400;  AISI  1020;  AISI  410;  brass;  thermal  expansion;  18  K 


Kaufman,  J.  G.,  and  Wanderer,  E.  T.,  "Aluminum  for  Cryogenic  Applications",  Machine 
Design,  37  (30),  199-205  (November  11,  1965). 

1100-0;  1100-H14;  2014-T6;  2024-T3;  2219-T81;  2219-T87;  3003-0;  3003-H14;  5083  0;  5083-H321;  5454-0; 
5454-H34;  5456-0;  5456-H321;  6061-T6;  X7005-T53:  7075-T6;  7075-T73;  7079-T6;  X7106-T63;  7178-T6; 
ultimate  tensile  strength;  tensile  yield  strength;  elongation;  -423  F 

Kaufman,  J,  G.,  and  Holt,  M.,  "Evaluation  of  Fracture  Characteristics  of  Aluminum  Alloys 
at  Cryogenic  Temperatures",  Advances  in  Cryogenic  Engineering,  10,  77-85  (1965). 

5456-H321;  6061-T651;  2219-T851;  X7106-T6351;  2014-T651;  7075-T651;  5083-H113;  7039-T6;  7079-T6; 
2024-T3;  fracture  toughness;  tear  tests;  -423  F 


Kiefer,  T.  F.,  and  Keys,  R.  D.,  "Fatigue  Behavior  of  Aluminum  and  Titanium  Sheet 
Materials  Down  to  -423  F",  Proceedings  of  the  1964  Cryogenic  Engineering  Conference, 
1-13  (1965). 

2014-T6;  2219-T87;  2020-T6;  5456-H343;  7075-T6;  Ti-5AI-2.5Sn;  Ti-6AI-4V;  Ti-13V-1 1Cr-3AI;  fatigue 
properties;  weld  properties;  ultimate  tensile  strength;  -423  F 


Kiefer,  T.  F.,  Keys,  D.  R.,  and  Schwartzberg,  F.  R.,  "Charpy  Impact  Testing  at  20  K", 
Proceedings  of  the  1964  Cryogenic  Engineering  Conference,  56-62  (1965). 

6061T6;  5456-H343;  2219-T87;  impact  properties;  20  K 
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406.  Kiefer,  T.  F.,  Keys,  R.  D.,  and  Schwartzberg,  F.  R.,  "Determination  of  Low-Temperature 
Fatigue  Properties  of  Structural  Metal  Alloys",  Final  Report,  The  Martin  Company,  Contract 
NAS  8 11300  (October  1965). 

2014  T6:  7039  T6:  7106  T6;  AISI  321;  A-286;  Inconel  718;  Hastellov  C,  2020;  2219;  5456;  7075;  ultimate 
tensile  stiength,  tensile  yield  strength;  elongation;  modulus  of  elasticity;  notch  tensile  strength;  weld  properties; 
fatigue  piopeities;  423  F 

407.  Kramer,  B.  E.,  "Development  of  High  Strength,  Brazed  Aluminum,  Honeycomb  Sandwich 
Composites  Adaptable  for  Both  Elevated  and  Cryogenic  Temperature  Applications",  Summary 
Annual  Report  ER  802,  Aeronca  Manufacturing  Corporation,  Contract  NAS  8-5445 
(January  15,  1965). 

X7005,  X7106;  7039;  composites;  brazing  alloys;  ultimate  tensile  strength;  tensile  yield  strength;  shear 
modulus;  shear  stress;  compression  properties;  423  F 

408.  Kiopp,  C.  J.,  "Development  of  a Superior  Titanium-Base  Alloy  for  Cryogenic  Applications", 
Fifth  Quarterly  Progress  Report,  Convair/General  Dynamics  (November  1,  1965). 

Ti  5AI  2.5Sn  2.5V  ICb  ITa;  Ti-5AI-2.5V-1Cb  ITa;  Ti-6AI-3V  1Cb-1Ta-0.5Mo;  Ti-5.5AI-5Sn-2.6Cb-2.5Ta- IV; 

Ti-6AI  4V-1Cb  ITa.'ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile  strength;  -423  F 

409  Kula,  E.  B.,  and  DeSisto,  T.  S.,  "Plastic  Behavior  of  Metals  at  Cryogenic  Temperatures", 
Technical  Report  AMRA  TR-65  32,  Watertown  Arsenal  (December  1965). 

Monel  alloy  K-500;  Armco  iron;  Ta-10W;  titanium;  stress-strain  data;  -269  C 

410.  Lindenfeld,  P.,  Lynton,  E.  A.,  and  Soulen,  R.,  "Metallic  Heat  Conductivity  Below  1 K", 
Physics  Letters,  1^  (4),  265  (November  1,  1965). 

Electrolytic  tough  pitch  copper;  thermal  conductivity;  electrical  resistivity;  4.2  K 

411.  Martin,  H.  L.,  and  Imgram,  A.  G.,  "Effects  of  Low  Temperature  on  Structural  Metals", 

Journal  of  Metals,  Yl_  (7),  735-741  (July  1965). 

2014  T6;  2020-T6,  2119  T6;  2219  T6;  5052  H32;  5086  H34;  5456-H343;  Inconel  X-750;  Carpenter  20Cb; 

AISI  202;  maraging  steel;  Ti-6AI  4V;  Ti  5AI  2.5Sn;  Ti  13V-1 1Cr-3AI;  LA-91;  LA  141;  ultimate  tensile  strength; 
tensile  yield  strength;  elongation;  notch  tensile  strength;  weld  properties;  -423  F 

412.  McClaren,  S.  W.,  and  Foreman,  C.  R.,  "Cryogenic  Design  Data  for  Materials  Subjected  to 
Uniaxial  and  Multiaxial  Stress  Field",  Technical  Report  AFML-TR-65-140,  Ling-Temco- 
Vought,  Inc.,  Contract  AF  33(615)1329  (May  1965). 

AISI  310;  2219  T81;  Ti-5AI  2.5Sn;  ultimate  tensile  strength;  tensile  yield  strength;  elongation,  modulus  of 
elasticity;  Poisson's  Ratio;  fracture  tougfiness;  423  F 
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413.  McKannan,  E.  C.,  and  Cause,  R.  L.,  "Effects  of  Nuclear  Radiation  and  Cryogenic  Tempera- 
tures on  Nonmetallic  Engineering  Materials",  Journal  of  Spacecraft  and  Rockets,  2 (4), 

558-564  (July-August  1965). 

Teflon;  Kel-F;  polystryene;  Mylar;  ultimate  tensile  strength;  stress-strain  data;  radiation  studies;  -253  C 

414.  Meaden,  G.  T.,  Electrical  Resistance  of  Metals,  Plenum  Press,  New  York  (1965). 

Periodic  system;  electrical  resistivity;  magnetoresistance;  -320  F 

415.  Miller,  P.  C.,  "Metallurgical  Evaluation  of  a New  Aluminum  Casting  Alloy  Developed  for 
Space  Vehicle  Use  at  Cryogenic  Temperatures",  Proceedings  of  the  1964  Cryogenic 

Engineering  Conference,  37-45  (1965).  ' 

2219  T87;  casting  alloys;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  impact  properties; 
weld  properties;  252  C 

416.  Montano,  J.  W.,  "Low  Temperature  Mechanical  Properties  of  Tensilized'  Waspaloy  Bolts", 

Internal  Note  IN  P&VE-M-65-2,  NASA  George  C.  Marshall  Space  Flight  Center  (January  28, 

1965). 

Waspalloy,  A 286;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  -423  F 
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ho.-  P..35NI  ,N„„  3e.,  P.  43«,  401;  P,  StN,  ,N„o  hOi;  Pe-3„M„. 
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Aluminums  for  Cryogenic  Environments  Part  1 1 Aiir../  p " 
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reduction  in  area;  notch  tensile  strength;  -320  F 

461.  Inouye,  F.  T.,  "Properties  of  Large  7079  Aluminum  Alloy  Forgings  in  a Cryogenic  Environ 
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Technical  Memorandum  NASA  TM  X-53407  (March  9,  1966). 

A 286;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  -423  F 


473.  Morgan,  W.  R.,  "bow  Temperature  Mechanical  Properties  of  Aluminum  Alloy  7039-T6 

Sheet  and  Plate",  Internal  Note  IN  P&VE  M 66-6,  NASA  George  C.  Marshall  Space  Flight 
Center  (November  14,  1966). 

7039-T6;  ultimate  tensile  strength;  tensile  yield  stiength;  elongation;  -423  F 
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474.  Morgan,  W.  R.,  "Low  Temperature  Mechanical  Properties  of  Inconel  718  and  AM  355",  Inter 
nal  Note  IN  P&VE  M 66-2,  NASA  George  Marshall  Space  Flight  Center  (January  31,  1966). 

Inconel  718;  AM  355;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  -423  F 


475.  Morgan,  W.  R.,  "Low  Temperature  Mechanical  Properties  of  Aluminum  Alloy  X7106  Sheet  and 
Plate",  Internal  Note  IN-P&VE-M  66  1,  NASA  George  C.  Marshall  Space  Flight  Center 
(January  31,  1966). 

X7106;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  -423  F 


476.  Morgan,  W.  R.,  "Low  Temperature  Mechanical  Properties  of  Berylco  Nickel  440  Strip",  Internal 
Note  IN-P&VE-M-66-4,  NASA  Geroge  C.  Marshall  Space  Flight  Center  (August  2,  1966). 

Ni-2Be-0.5Ti  (Berylco  Nickel  440);  ultimate  tensile  strength,  tensile  yield  strength;  elongation;  notch  tensile 
strength;  -423  F 


477.  Morris,  E.  E.,  Darms,  F.  J.,  and  Landes,  R.  E.,  "Low-Cycle,  High-Strain  Fatigue  Resistance  of 
Candidate  Materials--  Appendix  C",  Topical  Report  NASA  CR-54855,  Aerojet-General 
Corporation,  Contract  NAS  3-6292  (April  1966). 

Ti-6AI-4V;  A I SI  301 ; Inconel  718;  2219-T87;  fiberglass  composites;  elongation;  fracture  toughness;  fatigue 
properties;  modulus  of  elasticity;  weld  properties;  ultimate  tensile  strength;  tensile  yield  strength;  notch 
tensile  strength;  -423  F 

478.  Nelson,  F.  G.,  Kaufman,  J.  G.,  and  Holt,  M.,  "Fracture  Characteristics  of  Welds  in  Aluminum 
Alloys",  Metals  Engineering  Quarterly,  6(1),  48-55  (February  1966). 

1 100;  2319,  5052;  5154;  5183;  5456;  5556;  2219;  2014;  6061 ; 7075;  7079;  71 78;  fracture  properties,  weld 
properties;  423  F 

479.  Neuringer,  L.  J.,  and  Shapira,  Y.,  "Nb-25%Zr  In  Strong  Magnetic  Fields:  Magnetic,  Resistive, 
Ultrasonic,  and  Thermal  Behavior",  Physical  Review,  148  (1),  231  246  (August  5,  1966). 

Nb-25Zr;  magnetization;  electrical  resistivity;  ultrasonic  attenuation;  thermal  properties;  4.2  K 


480.  Orange,  T.  W.,  "Effect  of  Cold  Reduction  and  Thermal  T reatment  on  Tensile  Properties  of  a 
Nickel-2  Percent  Beryllium  Alloy  at  Cryogenic  Temperatures",  NASA  Technical  Note  NASA 
TN  D-3196  (January  1966). 

Ni-2Be-0.5Ti  (Berylco  440);  ultimate  tensile  strength;  tensile  yield  strength,  elongation;  modulus  of  elasticity, 
notch  tensile  strength;  fracture  toughness;  -423  F 
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481 . Orlov,  A.  F.,  and  Fedotov,  S.  G.,  'Temperature  Dependence  of  the  Young's  and  Shear  Moduli 
of  Ni-Cu  Alloys",  Physics  of  Metals  and  Metallography,  22  (1),  146  147  (1966). 

Nickel:  Ni-7Cu;  Ni12Cu;  NI-36Cu,  Ci-35Ni;  Cu-22Ni;  shear  modulus,  modulus  of  elasticdy,  0 C 

482.  Reese,  W.,  "Low  Temperature  Thermal  Conductivity  of  Amorphous  Polymers:  Polystyrene 
and  Polymethylmethacrylate",  Journal  of  Applied  Physics,  37  (2),  864  868  (February  1966). 

Polymethylmethacrylate:  polystyrene:  thermal  conductivity:  1 K 

483.  Reese,  W.,  "Low-Temperature  Excess  Heat  Capacity  in  Glassy  Polymers",  Journal  of  Applied 
Physics,  3Z  (11),  3959  3961  (October  1966). 

Polymethylmethacrylate:  polystyrene:  polytetrafluoroethylene:  specific  heat:  1 K 

484.  Robinson,  I.  B.,  and  Baysinger,  F.  R.,  "Welding  Aluminum  Alloy  7039",  Welding  Journal 
Research  Supplement,  4^,  433-s  through  444  s (October  1966). 

7039-T61 : 7039  T64:  ultimate  tensile  strength:  tensile  yield  strength,  elongation:  notch  tensile  strength, 
weld  properties:  320  F 

485.  Roseland,  L.  M.,  Jr.,  "Composite  Material  for  Cryogenic  Usage",  Cryogenic  Technology, 

23  25  (May/June  1966). 

Fiberglass  composites:  peel  strength:  -320  F 

486.  Runsicker,  H.  Y.,  and  Hess,  J.  H.,  "New  Weldable  High  Strength  Aluminum  Alloys  for  Cryo- 
genic Service",  Technical  Report  NASA  CR  71534,  Aluminum  Corporation  of  America, 

Contract  NAS  8-5452  (1966). 

X2021T8E31 : X7007-T6:  2219  T87:  X7106-T6351 : 9456  H343:  ultimate  tensile  strength:  tensile  yield  strength: 
elongation:  notch  tensile  strength:  weld  properties:  -423  F 

487.  Ryvkina,  D.  G.,  and  Yaroshevich,  V.  D.,  "Analysis  of  the  Temperature  and  Rate  Dependences 
of  the  Low  Temperature  Yield  Point  and  Flow  Stress  of  Armco  Iron",  Physics  of  Metals  and 
Metallography,  22  (6),  97  103  (1966). 

Armco  iron:  plastic  deformation:  flow  properties,  compressive  properties,  stress-strain  data:  77  K 

488.  Scurlock,  R.  G.,  Low  Temperature  Behaviour  of  Solids:  An  Introduction,  Dover  Publications 
Inc.,  New  York  (1966). 

Copper:  aluminum:  ultimate  tensile  strength;  0 K 
NhjSn,  Nb  25Zr;  V3Ga,  superconductivity:  4 2 K 
Niobium:  specific  heat,  1 K 
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489.  Smith,  R.  J.,  Hegland,  D.  E.,  and  Kendziorski,  P.  R.,  "Preliminary  Observations  of  the  Enhance- 
ment of  Superconducting  Current  Carrying  Capacity  in  Niobium  Through  Hydrogen 
Treatment",  NASA  Technical  Note  NASA  TN  D 3638  (September  1966). 

Niobium;  electrical  resistivity;  supercoiuiuctivity.  5 K 


490.  Tiffany,  C.  F.,  Lorenz,  P.  M.,  and  Hail,  L.  R.,  "Investigation  of  Plane  Strain  Flaw  Growth  in 
Thick  Walled  Tanks",  Final  Report,  NASA  CR  54837,  Boeing  Company,  Contract  NAS 
3-4194  (February  1966). 

2219-T87;  Ti-5AI-2.5Sn;  ultimate  tensile  strength;  tensile  yield  strength,  elongation;  weld  properties;  fracture 
toughness;  stress-strain  data,  423  F 


491 .  Tucker,  J.  E.,  "Heat  Capacity  on  Polyethylene  in  the  Temperature  Range  of  2.4  to  30  K", 
Doctorial  Thesis,  U.S.  Naval  Postgraduate  School  (May  1966). 

Copper;  polyethylene;  specific  heat;  2.4  K 


492.  Weleff,  W.,  "Effect  of  Nuclear  Radiation  and  Liquid  Hydrogen  on  Mechanical  Properties  of 
Three  Phenolic  Materials",  Advances  in  Cryogenic  Engineering,  H,  486  491  (1966). 

Phenolic  asbestos;  phenolic  linen;  phenolic  glass;  mechanical  properties;  irradiation  tests,  -423  F 

493.  Wessel,  E.  T.,  Clark,  W.  G.,  and  Wilson,  W.  K.,  "Engineering  Methods  for  the  Design  and 
Selection  of  Materials  Against  Fracture",  Final  Technical  Report,  Westinghouse  Research 
Laboratories  (June  24,  1966). 

7079-T6;  Ti-6AI  4V,  HP  9 4-25  steel;  fracture  toughness,  brittle  fracture;  stress-strain  data;  -320  F 


494.  Yang,  C.  T.,  "Analysis  of  Static  Crack  Propagation  at  Room  and  Cryogenic  Temperatures", 
Metals  Engineering  Quarterly,  6 (3),  46  51  (August  1966). 

AISI  301;  AISI  310;  2014  T6;  crack  propagation;  fracture  properties,  423  F 


495.  Yang,  C.  T.,  "Cryogenic  Temperature  Dependence  of  the  Yield  Strength  of  High  Strength 
Alloys",  Transactions  of  the  ASME  Journal  of  Engineering  for  Industry,  Ser.  B,  88,  1 17  128 
(February  1966). 

AISI  301;  AISI  304L;  AISI  310;  AM  355;  2014,5052,  5456;  2219;  7039;  Ti-5AI-2.5Sn;  Ti  5AI  5Zr-5Sn; 
Rene  41 ; Monel  alloy  K-500;  Inconel  X-750;  maraging  steel;  Inconel  718,  ultimate  tensile  strength;  tensile 
yield  strength;  423  F 

496.  Yee,  R.,  and  Zimmerman,  G.  O.,  "Low  Temperature  Magnetic  Susceptibility  and  Specific 
Heat  of  Constantan",  Journal  of  Applied  Physics,  37  (9),  3577  4882  (August  1966). 

Cu-43Ni-2.7Mn  (Constantan);  magnetic  susceptibility:  specific  heat;  0 1 K 
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Zakin,  J.  L.,  Simha,  R.,  and  Hershey,  H.  C.,  "Low-Temperature  Thermal  Expansivities  of 
Polyethylene,  Polypropylene,  Mixtures  of  Polyethylene  and  Polypropylene,  and  Polystyrene", 
Journal  of  Applied  Polymer  Science,  10,  1455-1473  (1966). 

Polyethylene;  polystyrene:  thermal  expansion;  -185  C 
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498.  Abuku,  S.,  and  Chikazumi,  S.,  "Magnetic  Study  of  Martensite  Transformation  of  Stainless  Steel", 
Journal  of  the  Physical  Society  of  Japan,  23  (1),  83  88  (July  1967). 

18Cr  steel;  phase  transformation;  magnetic  anisotropy,  saturation  magnetization;  -320  F 

499.  Alekseyevskiy , N.  E.,  Ivanov,  O.  S.,  Rayevskiy,  I,  I.,  and  Stepanov,  M.  V.,  Constitution 
Diagram  of  the  System  Niobium-Titanium-Zirconium  and  Superconducting  Properties  of  the 
Alloys",  Physics  of  Metals  and  Metallography,  23  (1),  28  35  (1967). 

Nb-39Ti-20Zr;  Nb-9Ti-43Zr;  Nb-48Ti-32Zr;  superconductivity,  phase  diagrams,  4 2 K 


500.  Asay,  J.  R.,  Urzendowski,  S.  R.,  and  Guenther,  A.  H.,  "Ultrasonic  anrJ  Thermal  Studies  of 
Selected  Plastics,  Laminated  Materials,  and  Metals",  Technical  Report  AFWL  TR-67  91. 
University  of  Albuquerque,  Contract  F29(601)-67-C  0042  (October  11,  1967). 

Teflon,  plexiglass;  polyethylene;  graphite,  thermal  expansion;  specific  heat,  100  C 

501.  Baranov,  I.  A.,  Bychkov,  Yu.  F.,  Goncharov,  I.  N.,  et  al.,  "Determining  the  Optimum  Condi- 
tions of  Heat  T reatment  for  the  Superconductive  Alloy  Nb-75  percent  Zr",  Physics  of  Metals 
and  Metallography,  23  (1),  145  150  (1967). 

Nb-75Zr;  superconductivity;  4.2  K 

502.  Broutman,  L.  J.,  "Study  of  Fracture  as  Related  to  Polymer  Structure",  Second  Quarterly 
Report,  Illinois  Institute  of  Technology,  Contract  DAAG  17  67  C-0133  (December  1967). 

Plexiglas;  polystyrene;  bend  test;  fracture  properties:  bend  properties;  -196  C 

503.  Campbell,  J,  E.,  "Review  of  Recent  Developments,  Mechanical  Properties  of  Metals",  ’ ' 
Technical  Report,  Battelle  Memorial  Institute  (May  1967), 

6063;  5456;  6061;  Ti-5AI-2.5Sn;T/  6AI-4V;Ti-8Al  lMo-1V;  Ti-6AI-6V  2Sn;  AISI  4340;  compressive 
properties;  creep  properties;  fracture  properties;  423  F 

504.  Campbell,  J.  E.,  "Review  of  Recent  Developments,  Mechanical  Properties  of  Metals",  Techni- 
cal Report,  Battelle  Memorial  Institute  (November  1967). 

7039;  2219;  Ti-6AI-4V;  Ti-5AI-2.5Sn;  Inconel  600;  fracture  toughness;  423  F 
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505.  Chizhov,  A.  Kh.,  "Relation  Between  the  Superconductivity  and  Microhardness  Properties  of 
Niobium",  Physics  of  Metals  and  Metallography,  ^ (5),  87-90  (1967). 

Niobium;  hardness;  superconductivity;  4,2  K 

506.  Christian,  J.  L.,  "Problems,  Properties  and  Selection  of  Structural  Metals  for  Use  in  Cryogenic 
Environment",  Technical  Report  W 7-6.1  presented  at  the  1967  Westec  Conference  (March  13- 
17,  1967). 

2014;  2024;  5052;  5456;  6061;  7075;  7079;  7178;  Ti-6AI-4V;  Ti-5AI-2.5Sn;  A-286;  Inconel  718;  Inconel  X-750; 
ultimate  tensile  strength;  tensile  yield  strength;  elongation;  fracture  toughness;  -423  F 

507.  Christian,  J.  L.,  "Mechanical  Properties  of  Several  Nickel-Base  Alloys  at  Room  and  Cryogenic 
Temperatures",  Proceedings  of  the  1966  Cryogenic  Engineering  Conference,  520-530  (1967). 

Hastelloy  C;  R-235;  Rene  41 ; TD-Nickel;  Inconel  718;  ultimate  tensile  strength;  tensile  yield  strength;  elonga- 
tion; notch  tensile  strength;  weld  properties;  -423  F 

508.  Conrad,  H.,  "Thermally  Activated  Deformation  of  Alpha  Titanium  Below  0.4  T(y|",  Canadian 
Journal  of  Physics,  581-590  (1967). 

Titanium;  stress-strain  data;  plastic  deformation;  strain  rate;  flow  properties;  77  K 


509.  Corn,  D.  L.,  "Cryogenic  Properties  of  18Ni-9Co  5Mo  and  18Ni-7Co-5Mo  Maraging  Steel 
Sheet",  Proceedings  of  the  1966  Cryogenic  Engineering  Conference,  532-543  (1967). 

Maraging  (250);  maraging  (300);  ultimate  tensile  strength;  fracture  toughness;  -423  F 


510.  Coursen,  J.  W.,  Kaufman,  J.  G.,  and  Sicha,  W.  E.,  "Notch  Toughness  of  Some  Aluminum 

Alloy  Castings  at  Cryogenic  Temperatures",  Proceedings  of  the  1966  Cryogenic  Engineering 
Conference,  473-483  (1967). 

A335  T61;  A344-F;  354-T62;  356-T6;  356-T7;  A356-T61 ; A356-T62;  A356-T7;  359-T62,  C355-T61:  A357- 
T61 ; A357-T62;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area,  notch  tensile 
strength;  320  F 

51 1 DeMoney,  F.  W.,  "Effect  of  Aging  on  the  Tensile  Properties  of  Alloy  7039  GTA  Welds  at  Low 
Temperatures",  Proceedings  of  the  1966  Cryogenic  Engineering  Conference,  500-507  (1967). 

. i'>  Tbi  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  weld  properties;  -320  F 


A and  lufei,  E.  J.,  "Magnetic  Properties  of  Selected  Spacecraft  Materials",  NASA 
..1 1 4 ■ August  1967). 

Kovar).  Fe  42Ni  IMn  (Dumet);  Fe-36Ni  (Invar);  AISI  304,  AISI  410,  AISI  416, 
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513. 


514. 


515. 


516. 


517. 


518. 


519. 


520. 


Efferson,  K.  R.,  and  Leonard,  W.  J.,  "Magnetic  Properties  of  Some  Structural  Materials  Used  in 
Cryogenic  Applications",  Report  ORNL-4150,  Oak  Ridge  National  Lab,  Contract  W-7405- 
ENG  26  (September  1967). 

AISI  304;  AISI  305;  AISI  310;  AISI  316;  Inconel  600;  Inconel  718,  A-286;  Hastelloy  N;  Waspalloy;  5083  H1 13; 
7039  T61 ; 7079-T61 ; magnetic  properties,  4 2 K 

Eiselstein,  H.  L.,  "An  Age-Hardenable,  Low  Expansion  Alloy  for  Cryogenic  Service",  Proceedings 
of  the  1966  Cryogenic  Engineering  Conference,  508-519  (1967). 

Fe-39.5Ni-1.5Ti;  electrical  resistivity;  thermal  conductivity,  modulus  of  elasticity;  Poisson’s  ratio;  ultimate 
tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile  strength;  weld  properties;  -320  F 


Fridlyander,  I,  N.,  Ul'yanov,  R.  A,,  et  al.,  "Mechanical  Properties  of  Aluminum  Alloys  at  Low 
Temperatures",  Russian  Metallurgy,  (5),  72  81  (1967). 

Russian  alloys;  aluminum;  AMTS;  AMG3;  AMG5V,  AMG6;  VAD1;  D20;  AK8.  V92TS,  ATSMU.  V96;  ultimate 
tensile  strength;  tensile  yield  strength;  elongation;  4.2  K 

Gindin,  I.  A.,  Lazareva,  M.  B.,  Lebedev,  V,  P.,  and  Starodubov,  A.  D.,  "Structure  and  Meehan 
ical  Properties  of  Copper  Rolled  at  Low  Temperatures",  Physics  of  Metals  and  Metallography, 
23  (1),  139-144  (1967). 

OFFIC  copper;  mechanical  properties;  20  K 


Gittleman,  J.  I.,  et  al.,  "Phenomenon  of  Superconductivity  (Phase  II)",  Te  h.tical  Report  AFML- 
TR-67  138,  Radio  Corporation  of  America,  Contract  AF  33(615)  3936  (June  1967). 

Nb3Sn;  superconductivity;  magnetization,  specific  heat.  4 2 K 


Flolwech,  I.,  and  Jeppesen,  J,,  "Temperature  Dependence  of  the  Electrical  Resistivity  of 
Aluminum  Films",  Philosophical  Magazine,  ( 1 34),  21 7 228  (February  1967). 

Aluminum;  electrical  resistivity,  1.6  K 


Hull,  F.  C„  "Cryogenic  Tensile  Properties  of  Cold  Rolled  Kromarc  58  Stainless  Steel  Sheet", 
Technical  Research  Report  67-1 D6  KROMA  R 1 , Westinghouse  Research  Laboratories 
(May  23,  1967). 

Kromarc  58;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area,  notch  tensile 
strength;  thermal  expansion;  -423  F 


Inouye,  F.  T.,  Hunt,  V.,  Janser,  G.  R.,  and  Frick,  V.,  "Application  of  Alloy  718  in  M l 
Engine  Components",  Technical  Report  NASA  CR  788,  Aerojet  General  Corporation,  Contract 
NAS  3-2555  (June  1967). 

Inconel  718;  ultimate  tensile  strength,  tensile  yield  strength;  elongation;  weld  properties,  thermal  expansion; 


521.  Jones,  R.  L.,  and  Conrad,  H.,  "The  Effect  of  Temperature  on  the  Yield  Stress  of  Commercial 
Purity  Alpha-Titanium",  Acta  Metallurgica,  15,  649-650  (April  1967), 

Titanium;  tensile  yield  strength;  4.2  K 

522.  Kaufman,  J.  G.,  Holt,  M.,  and  Wanderer,  E.  T.,  "Aluminum  Alloys  for  Cryogenic  Temperatures", 
Paper  presented  at  the  Cryogenic  Engineering  Symposium  of  the  Canadian  Chemical  Conference, 
Toronto,  Canada  (June  7,  1967). 

1100  aluminum;  2014;  X2021;  2024;  2219;  3003;  5083;  5454,  5456;  6061;  X7005;  7007;  7039,  7075,  7079, 

7178;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  weld  properties;  notch  tensile  strength.  423  1- 

523.  Kornilov,  I.  I.,  Konradi,  G.  G.,  Zmievskiy,  V.  I.,  et  al.,  "Investigation  of  the  Mechanical  Proper 
ties  of  Some  Titanium  Alloys  at  Very  Low  Temperatures",  Russian  Metallurgy,  ( 1 ),  78  81 
(1967). 

Titanium  alloys;  Russian  alloys;  OT4,  VT5- 1 ; VT6S;  VT 1 4;  ultimate  tensile  strength,  tensile  yield  strength 
elongation;  impact  properties;  weld  properties;  -253  C 

524.  "9%  Nickel  Steel  for  Low  Temperature  Service”,  Manufacturers  Literature,  International 
Nickel  Company,  Inc. 

9Ni  steel;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  impact  properties;  fatigue  (rroperties; 
thermal  conductivity;  thermal  expansion;  specific  heat;  magnetic  saturation;  -320  F 

525.  Midgley,  P.,  and  Thackray,  R.  W.,  "The  Tensile  Properties  of  Some  Structural  Materials  in  the 
Temperature  Range  20  C to  -253  C:  Part  I,  Aluminum  Alloy  Sheet  HS30WP",  Technical 
Memo  426,  Rocket  Propulsion  Establishment  (January  1967). 

Aluminum  alloys;  British  alloys;  HS30;  6061 ; ultimate  tensile  strength;  tensile  yield  strength,  elongation,  modulus  of 
elasticity;  notch  tensile  strength;  -253  C 

526.  Morrison,  J,  A.,  and  Newsham.  D.M.T.,  "Comment  on  Heat  Capacity  of  Polyethylene  From 
2.5  to  30  K",  Journal  of  Chemical  Physics,  47  (7),  251 1 2512  (October  1967). 

Polyethylene;  specific  heat;  2.5  K 

527.  Nachtigall,  A.  J.,  Klima,  S.  J.,  and  Freche,  J.  C.,  "Fatigue  of  Liquid  Rocket  Engine  Metals  at 
Cryogenic  Temperatures  to  452  F (4  K)",  NASA  Technical  Note  NASA  TN  D 4274 
(December  1967). 

2014  T6;  Inconel  718;  Ti-5AI-2.5Sn;  AISI  301 , ultimate  tensile  strength;  tensile  yield  strength;  modulus  of 
elasticity,  notch  tensile  strength;  fatigue  properties;  452  F 
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528. 


529. 


530. 


531. 


532. 


533. 


534. 


535. 


Oates,  G.,  "The  Notched  Fracture  Behaviour  of  Coarse-Grained  Silicon  Iron  at  77  K",  Acta 
Metallurgica,  J_5  ( 1 0),  1679  1681  (October  1967). 

Fe-3,5Si  (silicon  iron);  notch  tensile  strength;  compressive  properties;  77  K 


Osborne,  D.  W.,  Flotow,  H.  E.,  and  Schreiner,  F.,  "Calibration  and  Use  of  Germanium  Resistance 
Thermometers  for  Precise  Heat  Capacity  Measurements  from  1 to  25  K.  High  Purity  Copper 
for  Interlaboratory  Heat  Capacity  Comparisons  The  Review  of  Scientific  Instruments,  38 
(2),  159  168  (February  1967). 

Copper;  specific  heat;  1 K 


Peterson,  N.  M.,  "A  Statistical  Analysis  of  Aluminum  Welds  Tested  at  Cryogenic  Temperatures", 
Proceedings  of  the  1966  Cryogenic  Engineering  Conference,  496-499  (1967). 

2014  T6;  ultimate  tensile  strength;  weld  properties;  -423  F 


Pogodin  Alekseev,  G.  I.,  and  Sharonova,  L.  P.,  "Local  and  Uniform  Plasticity,  Strength,  and 
Ductility  of  Kh18N10T  Steel  at  High  and  Low  Temperatures",  Metal  Science  and  Heat 
Treatment,  (6),  436  438  (June  1967). 

Stainless  steel;  KhlSNIOT ; Russian  alloys;  impact  toughness;  tensile  strength;  plasticity;  ductility;  -196  C 


Potapov,  N.  N.,  "Magnetic  Hysteresis  of  Superconductive  Alloys  in  the  System  Nb  Sn",  Physics 
of  Metals  and  Metallography,  24  (6),  32-35  (1967), 

Nb-Sn;  magnetic  hysteresis;  magnetic  induction;  4.2  K 


Prekul,  A.  F.,  "Magnetic  Properties  of  Rigid  Superconductors",  Physics  of  Metals  and  Metallog 
raphy,  24  (2),  59  65  (1967), 

Nb  Ti-Zr;  magnetic  properties;  superconductivity;  4 2 K 


Prior,  A,  C.,  "A  Comparative  Review  of  Materials  for  Construction  of  Superconducting 
Solenoids",  Cryogenics,  7 (3),  131  134  (June  1967). 

Nb3Sn;  Nb  25Zr;  Ti-20Nb;  V3Si,  superconductivity,  4.2  K 

Reed,  R.  P.,  and  Mikesell,  R.  P.,  "Low  Temperature  Mechanical  Properties  of  Copper  and 
Selected  Copper  Alloys.  A Compilation  From  the  Literature",  NBS  Monograph  101 
(December  1,  1967). 

Copper;  Cu  5Zn  (gliding  metal);  Cu-IOZn  (commercial  bronze);  Cu-15Zn  (red  brass),  Cu  20Zn  (low  brass), 

Cu  28Zn  ISn  (admiralty  brass);  Cu  30Zn  (cartridge  brass),  Cu  35Zn  (yellow  brass);  Cu-39Zn  ISn  (naval  brass); 
Cu  40Zn  ((Vlunt;  metal);  Cu  lONi;  Cu  20Ni,  Cu  30Ni,  Cu  45Ni,  ultimate  tensile  strength;  tensile  yield  strength, 
elongatiori,  reduction  in  area,  impact  properties;  fatigue  properties,  creep  properties;  modulus  of  elasticity, 

423  F 
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536.  Reed,  R.  P.,  and  Mikesell,  R.  P.,  "Low  Temperature  (29b  to  4 K)  Mechanical  Properties  of 
Selected  Copper  Alloys",  Journal  of  Materials,  2 (2),  370-392  (June  1967). 

Copper,  Cu  10Zn  (commercral  bronze);  Cu  IbZn  (red  brass);  Cu-28Zn-1Sn  (Admiralty  brass);  Cu-39Zn-lSn 
(naval  brass);  Cu-3Si  (copper  silicon),  Cu  5Sn  (phosptror  bronze);  Cu  6.6AI-2Fe  (aluminum  bronze);  Cu-IOAI 
5Ni-3Fe  (nickel  aluminum  bronze);  Cu  2Ni-0.5Si  (copper  nickel  silicon);  Cu  lONi  lFe  (copper  nickel  10); 

Cu  30Ni  (copper  nickel  30),  stress-strain  data;  ultimate  tensile  strength;  tensile  yield  strength;  elongation, 
reduction  in  area,  notch  tensile  strength,  impact  properties,  modulus  of  elasticity,  shear  modulus;  4 K 

537.  Romig,  H.  L.,  "Guaranteed  Minimum  Mechanical  Properties,  Type  310  Stainless  Steel  Welded 
With  Inconel  92  (Incoweld  A)  Filler  Alloy,  at  Cryogenic  Temperatures",  Materials  and  Pro 
cesses  Report  MPR  7 176A  101,  Rocketdyne/North  American  (June  13,  1967). 

AISI  310;  ultimate  tensile  strength,  tensile  yield  strength;  elongation;  reduction  in  area;  notch  toughness; 

423  F 


538.  Schwartzberg,  F.  R.,  "A  Review  of  Cryogenic  Fracture  Toughness  Behavior",  Proceedings  of 
the  1966  Cryogenic  Engineering  Conference,  458  472  (1967). 

AISI  301 , AISI  304,  AISI  310;  2014T6;  2219-T81,  Ti-5AI2.5Sn;  T i-6AI  4V ; Haste  Hoy  B;  Rene  41;  Inconel  718; 
fracture  toughness;  423  F 


539,  Sochava,  I.  V.,  "Thermal  Motion  in  Linear  Polymers  at  Low  Temperatures",  Leningrad 

University  Herald,  Physics  and  Chemistry  Series,  FTD  MT-64-359,  Wright-Patterson  AFB, 
Ohio  (September  6,  1967). 

Polyethylene;  Plexiglas;  polystyrene;  specific  heat;  16  K 


540.  Stierstadt,  K.,  and  Herzum,  N.,  "Temperature  Dependence  of  the  Reversible  and  the  Irrevers- 
ible Magnetization  of  (Mickel",  Annalen  der  Physik,  20  (7).  45  52  (1967). 

Nickel;  magnetic  susceptibility;  77  K 


541.  Sullivan,  T.  L.,  "Uniaxial  and  Biaxial  Fracture  Toughness  of  Extra-Low  Interstitial  5AI-2.5Sn 
Titanium  Alloy  Sheet  at  20  K",  NASA  Technical  Note  NASA  TN  D 4016  (June  1967). 

Ti  5AI  2.5Sn;  fracture  toughness;  423  F 


542.  Susukida,  H.,  Ando,  T.,  and  Tsuji,  I.,  "Characteristics  of  9%  Nickel  Steel  for  Low  Temperature 
Service",  Technical  Report  No.  MTB010053,  Mitsubishi  Heavy  Industries  Ltd.  (October  1967). 

9Ni  steel;  ultimate  tensile  strength,  tensile  yield  strength;  elongation;  fatigue  properties;  196  C 


543.  Tiffany,  C.  F.,  Lorenz,  P,  M.,  and  Shah,  R.  C.,  "Extended  Loading  of  Cryogenic  Tanks", 
Final  Report,  NASA  CR  72252,  Boeing  Company,  Contract  NAS  3 6290  (June  1967). 

2219  T87;  Ti  5AI-2  5Sn;  fracture  toughness;  -423  F 
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544.  Tucker,  J.  E.,  and  Reese,  W.,  "Heat  Capacity  of  Polyethylene  From  2.5  to  30  K",  Journal  of 
Chemical  Physics,  46  (4),  1388  1397  (February  15,  1967). 

Polyethylene;  specific  heat;  2.5  K 


545.  Ul'yanov,  R.  A.,  Podkuiko,  V.  P.,  Fridlyander,  I.  N.,  et  al.,  "Mechanical  Properties  of  Welded 
Joints  of  Some  Aluminum  Alloys  at  Low  Temperatures",  Metal  Science  and  Heat  Treatment, 
(6),  449-451  (June  1967). 

Aluminum  alloys;  Russian  alloys;  VAD 1 , AK8;  V92TS;  ATSMU ; V96;  weld  properties;  ultimate  tensile  strength; 
269  C 


546.  Van  Groenou,  A.  B.,  "Permeability  of  Some  Oxides  and  Metals  at  Low  Temperatures", 
Journal  of  Applied  Physics,  38  (8),  3317-3320  (July  1967). 

Nickel  alloys;  manganese  alloys;  magnetic  permability;  77  K 


Vogt,  E.,  and  Bolling,  F.,  "Ferro-  and  Paramagnetic  Behavior  of  Nickel  Alloys  Between  14- 
1000  K",  Z.  Angew.  Phys.,  23  (3),  173-174  (1967). 

Nickel  alloys;  magnetic  susceptibility;  14  K 


548.  Weleff,  W.,  "Radiation  Effects  on  Shear  Strength  of  Several  Alloys  at  Liquid  Hydrogen 

Environment",  Proceedings  of  the  1966  Cryogenic  Engineering  Conference,  544-556  (1967). 

A356-T6;  6061  T6.  7075-T6;  Ti-5AI-2.5Sn;  AISI  347;  AISI  410;  A 286;  Inconel  X-750;  Hastelloy  C;  D-979; 
ultimate  tensile  strength;  shear  ultimate  strength;  423  F 


549.  Westerlund,  R.  W.,  and  Rogers,  R.  W.,  Jr.,  "Development  of  a High  Strength  Aluminum  Alloy, 
Readily  Weldable  in  Plate  Thicknesses,  and  Suitable  for  Application  at  -423  F (-253  C)", 
Annual  Report,  Aluminum  Company  of  America,  Contract  NAS  9 5452  (April  1967). 

X2021;  X7007;  ultimate  tensile  strength;  shear  ultimate  strength;  compressive  strength;  fatigue  properties; 
423  F 


550.  Worthington,  P.  J.,  "The  Upper  Yield  Stress  of  Polycrystalline  3%  Silicon  Iron",  Acta  Metal- 
lurgica,15  (12),  1795-1798  (December  1967). 

Fe-3Si;  tensile  yield  strength;  -196  C 


Zakharov,  A.  I.,  and  Fedotov,  L,  N.,  "Low-Temperature  Thermal  Expansion  of  Invar",  Physics 
of  Metals  and  Metallography,  23  (4),  201-203  (1967). 

Invar,  thermal  expansion;  4.2  K 
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552.  'The  Behavior  of  Structural  Materials  at  Extremely  Low  Temperatures",  Technical  Report, 
Rocket  Propulsion  Establishment  (1968). 

Aluminum  alloys;  British  alloys;  H30(AM  Mg  ISi);  L7 1 (AI-4.5Cu) ; DTD687(AI-5Zn-2.5Mg1 ,5Cu) ; D 74S 
(AI-4.5Zn-1.25Mg);  Hiduminium  48(AI-4.5Zn-2.25Mg);  GB3033(AI-4,5Zn-3.3Mg);  titanium  alloys;  DTD  5093 
(Ti-5AI-2.5Sn);  IMI  318A  (Ti-6AI-4V);  DTD  5133(Ti-2Cu);ultimate  tensile  strength;  elongation;  reduction  in 
area;  modulus  of  elasticity;  fracture  toughness;  20  K 


553.  "Mechanical  and  Physical  Properties  of  the  Austenitic  Chromium-Nickel  Stainless  Steels  at 

Subzero  Temperatures",  Trade  Literature,  The  International  Nickel  Company,  Inc.  (July  1968). 

AISI  304;  AISI  310;  AISI  316;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  modulus  of  elasticity; 
compressive  strength;  fatigue  properties;  440  F 

I 

I 

j 554.  Alleaume,  J.,  and  de  Frondeville,  B.,  "Bending  Fatigue  Properties  of  Stainless  Steel  304L 

! Thin  Sheet  Metal  at  20  and  -196  C",  Proceedings  of  the  1967  Cryogenic  Engineering  Conference, 

j 309-317(1968). 

j AISI  304L;  fatigue  properties;  -196  C 

I 

I 

f 555.  Armeniades,  C.  D.,  Kuriyama,  I.,  Roe,  J.  M.,  and  Baer,  E.,  Mechanical  Behavior  of  Poly 

(ethylene  terephthalate)  at  Cryogenic  Temperatures,  Cryogenic  Properties  of  Polymers, 

Marcel  Dekker,  Inc.,  New  York  (1968),  pp  155-169. 

Polyethylene  terephthalate;  Mylar;  ultimate  tensile  strength;  modulus  of  elasticity,  4 K 


556.  Aron,  P.  R.,  and  Ahlgren,  G.  W.,  "Critical  Surfaces  for  Commercial  Nb3Sn  Ribbon  and  Nb- 
25%ZrWire",  Proceedings  of  the  1967  Cryogenic  Engineering  Conference,  21  29  (1968). 

Nb3Sn,  Nb-25Zr;  superconductivity;  2 K 


557.  Baranov,  I.  A.,  Boikova,  K.  I.,  Guts,  Z.  A.,  et  al.,  "Investigation  of  the  Superconducting 
Properties  of  Nb  Ti  Alloys",  Soviet  Physics  - Solid  State,  10  (2),  318-323  (August  1968). 

Nb-20Ti,  Nb  50Ti;  superconductivity;  4.2  K 


558.  Brickner,  K.  G.,  "Stainless  Steels  for  Room  and  Cryogenic  Temperatures",  Metals  Engineering 
Quarterly,  8 (2),  1 29  (May  1968). 

AISI  304;  AISI  304L;  AISI  310,  AISI  347;  AISI  316;  tensile  properties;  thermal  expansion;  specific  heat; 
thermal  conductivity;  423  F 
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559.  Bunton,  G.  V.,  and  Weintroub,  S.,  'A  Sensitive  Optical  Lever  Dilatometer  For  Use  at  Low 
Temperatures  and  the  Thermal  Expansion  of  Copper",  Cryogenics,  8 (6),  354-360  (December 
1968). 

Coppei , thermal  expansion,  10  K 

560.  Bychkov,  Y.  F.,  Goncharov,  I.  N.,  Mal'tsev,  V.  A.,  et  al.,  "Effect  of  Disperse  Precipitation 
Particles  on  the  Critical  Current  Density  in  Zirconium-Niobium  Alloys",  Physics  of  Metals 
and  Metallography,  25  ( 1 ),  38  44  (1968). 

Nb-25Zr;  superconductivity,  4.2  K 

561.  Campbell,  J.  E.,  "Review  of  Recent  Developments:  Mechanical  Properties  of  Metals",  Technical 
Report,  Battelle  Memorial  Institute  (July  1968). 

Aluminum  alloys;  titanium  alloys;  tensile  properties;  fracture  mechanics;  -423  F 

562.  Carman,  C.  M,,  and  Katlin,  J.  M.,  "Plane  Strain  Fracture  Toughness  and  Mechanical  Properties 
of  5AI-2.5Sn  ELI  and  Commercial  Titanium  Alloys  at  Room  and  Cryogenic  Temperatures", 
ASTM  STP432,  124-144(1968). 

Ti-5AI  2.5Sn;  fracture  mechanics;  423  F 


563.  Christian,  J.  L.,  and  Hurlich,  A.,  "Mechanical  Properties  of  Titanium  Alloys  at  Cryogenic 
Temperatures",  Proceedings  of  the  1967  Cryogenic  Engineering  Conference,  318-333  (1968). 

Ti-5AI-2.5Sn;  Ti-5AI-5Zr-5Sn;  Ti-6AI  4Zr-1  V;  Ti-7AM2Zr;  Ti  8AI-2Cb-1Ta;  Ti-8AI  1Mo-1  V;  Ti-6AI  4V, 

Ti  13V-1 1Cr-3AI;  ultimate  tensile  strength;  tensile  yield  strength,  elongation;  modulus  of  elasticity; 
notch  tensile  strength;  weld  properties;  -423  F 

564.  Clark,  A.  F.,  "Low  Temperature  Thermal  Expansion  of  Some  Metallic  Alloys",  Cryogenics, 

8 (5),  282  289  (October  1968). 

2024;  5083;  7039;  7075;  Hastelloy  C;  Hastelloy  N;  Hastelloy  X;  Inconel  625;  Inconel  718,  Waspalloy;  Udimet 
630;  Udimet  700,  TD-nickel;  phosphor  bronze;  aluminum  bronze;  AM  350;  AISI  430,  Fe-29Ni,  Invar  36. 
Fe-50Ni;  thermal  expansion;  20  K 

565.  "Superconductive  Products",  Manufacturers'  Literature,  General  Electric  Company  (1968). 
Nb3Sn;  superconductivity;  4.2  K 

566.  Cowan,  J.  A.,  Pawlowicz,  A.  T.,  and  White,  G.  K.,  "Thermal  Expansion  of  Polycrystalline 
Titanium  and  Zirconium",  Cryogenics,  8 (3),  155-157  (June  1968). 

Titanium;  zirconium;  thermal  expansion,  10  K 
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567.  Dorey,  G.,  "Yield  in  Dispersion  Hardened  Copper  Alloys",  Technical  Report  68230,  Royal 
Aircraft  Establishment  (September  1968). 

Cu-2  6 Alumina;  shear  stress;  strain  rate;  78  K 


568.  Erdmann,  J.  C.,  and  Jahoda,  J.  A.,  "Affected  Volume  and  Temperature  Rise  During  Discon- 
tinuous Slip  at  Low  Temperatures",  Journal  of  Applied  Physics,  39  (6),  2793-2797  (May  1968). 

Cu-5Ni;  Cu-28Ni;  Ni-35Cu;  Ni-IOCu;  stress-strain  data;  plastic  deformation;  4.2  K 


569.  Frederick,  S.  F.,  and  Corn,  D.  L.,  "Biaxial  Properties  of  Titanium  Alloys  at  Cryogenic 
Temperatures",  ASTM  STP  432,  227  235  (1968), 

Ti-6AI-4V,  Ti-5AI-2,5Sn;  ultimate  tensile  strength;  tensile  yield  strength,  -423  F 


570.  Green,  E.  F.,  'Low  Temperature  Properties  of  9-Percent  Nickel,  4-Percent  Cobalt  (HP9-4-25) 
High-Strength  Steel  Forged  Block  and  Plate  , Reportable  Item  Submission  Number  MFS 
18282,  Rocketdyne/North  American,  Contract  NASw-16  (July  5,  1968). 

9Ni  steel;  ultimate  tensile  strength;  tensile  yield  strength,  elongation;  reduction  in  area;  notch  tensile  strength; 
impact  properties;  -423  F 


571.  Green,  E.  F.,  "Low-Temperature  Properties  of  18-Percent  Nickel  (200-Grade)  Maraging  Steel 
Plate",  Reportable  Item  Submission  Number  MFS-18281,  Rocketdyne/North  American 
Contract  NASw  16  (July  3,  1968). 

Maraging  (200):  tensile  yield  stiength,  fracture  toughness;  423  F 


572.  Halchak,  J.  A.,  "Low  Temperature  Properties  of  Forgings  of  Titanium  5AI  2.5Sn  Alloy  (ELI)", 
Reportable  Item  Submission  Number  MFS  19245,  Rocketdyne/North  American  Contract 
NASw-16  (June  21,  1968). 

Ti  5AI  2.5Sn;  ultimate  tensile  strength:  tensile  yield  strength;  elongation;  notch  tensile  strength,  -423  F 


573.  Haldon,  R.  A.,  Schell,  W.  J.,  and  Simha,  R.,  Transitions  in  Glasses  at  Low  Temperatures, 
Cryogenic  Properties  of  Polymers,  Marcel  Dekker,  Inc.,  New  York  (1968),  pp  137  153, 

Polymers;  polytetrafluoroethylene;  thermal  expansion;  180  C 


574.  Hall,  L,  A.,  "Survey  of  Electrical  Resistivity  Measurements  on  16  Pure  Metals  in  the  Temperature 
Range  0 to  273  K",  NBS  Technical  Note  365  (February  1968). 

Aluminum;  copper;  beryllium;  niobium,  electrical  resistivity;  0 K 
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575.  Hall,  L.  R.,  "Plane-Strain  Cyclic  Flaw  Growth  in  2014-T62  Aluminum  and  6AI-4V  (ELI) 
Titanium",  NASA  CR-72396,  Boeing  Company,  Contract  NAS  3-7993  (November  1968). 

2014-T62;  TI-6AI-4V;  fracture  toughness;  -423  F 


576.  Hoeppner,  D.  W.,  Pettit,  D.  E.  Feddersen,  C.  E.,  and  Hyler,  W.  S.,  "Determination  of  Flaw 
Growth  Characteristics  of  Ti  6AI-4V  Sheet  in  the  Solution  ! reated  and  Aged  Condition", 

Final  Report,  NASA  CR-6581 1,  Battelle  Memorial  Institute,  Contract  NAS  9-6969 
(January  1,  1968). 

Ti-6AI-4V;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  weld  properties;  fracture  mechanics; 
fatigue  properties;  -320  F 

577.  Must,  J.  G.,  and  Powell,  R.  L.,  "Thermal  Conductivity  of  Aerospace  Alloys  at  Cryogenic 
Temperatures",  Proceedings  of  the  8th  Conference  on  Thermal  Conductivity,  Purdue 
University  (October  7-10,  1968). 

7039;  Hastelloy  X;  Inconel  718;  Ti-5AI-2.5Sn;  thermal  conductivity,  electrical  resistivity;  4 K 

578.  Kaufman,  J.  G.,  Bagardus,  K.  O.,  and  Wanderer,  E.  T.,  "Tensile  Properties  and  Notch  Toughness 
of  Aluminum  Alloys  at  -452  F in  Liquid  Helium",  Proceedings  of  the  1967  Cryogenic 
Engineering  Conference,  294-308  (1968). 

1099  HI 4;  2014  T651;  2024-T851 ; 2219  T851 ; 2219-T87;  2618-T651 ; 3033  H 14,  5083  0,  5083  H321, 

5454  0;  5454  H32;  5456-0;  5456  H321 ; 6061  T651 , X7005-T5351 ; A356-T61 ; ultimate  tensile  strength; 
tensile  yield  strength;  elongation;  reduction  in  area;  notch  tensile  strength;  -452  F 

579.  Kolouch,  R.  J.,  and  Brown,  R.  G.,  "Thermal  Conductivities  of  Polyethylene  and  Nylon  From 
1.2  to  20  K",  Journal  of  Applied  Physics,  ^ (8),  3999  4003  (July  1968). 

Nylon;  polyethylene:  thermal  conductivity;  4.2  K 


580.  Koshelev,  P.  F.,  Mina,  R.  I.,  and  Nikitina,  M.  F.,  "Mechanical  Properties  of  Aluminum  Alloys 
at  Low  Temperatures",  Translation  of  Mashinostroenie  (USSR),  (6),  86-94  (1968). 

Aluminum  alloys;  Russian  alloys,  AK8,  V92TS;  D20(2219);  mechanical  properties;  -320  F 


581.  Lake,  R.  L.,  DeMoney,  F.  W.,  and  Eiber,  R.  J.,  "Burst  Tests  of  Pre-Flawed  Welded  Aluminum 
Alloy  Pressure  Vessels  at  220  F",  Proceedings  of  the  1967  Cryogenic  Engineering  Conference, 
278  293  (1968). 

5083-0;  7039  T6151;  ultimate  tensile  strength,  tensile  yield  strength;  elongation;  reduction  in  area;  notch 
tensile  strength;  fracture  properties,  320  F 
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582.  Malin,  C.  O.,  "Low  Temperature  Properties  of  Selected  Cast  and  Wrought  Aerospace  Alloys", 
Materials  and  Processes  Technical  Report  MPTR  6-176A  8,  Rocketdyne/North  American 
(1968). 

AISI  310;  AISI  347;  A-286;  Inconel  718;  Ti-5AI-2.5Sn;  ultimate  tensile  strength;  tensile  yield  strength;  elonga- 
tion; reduction  in  area;  notch  tensile  strength;  -423  F 

583.  Malin,  C.  0.,  "Low-Temperature  Properties  of  Cast  A-286",  Reportable  Item  Submission 
Number  MFS-18237,  Rocketdyne/North  American  (June  14,  1968). 

A-286;  ultimate  tensile  strength,  tensile  yield  strength;  elongation,  reduction  in  area;  notch  tensile  strength; 
423  F 


584.  Malin,  C.  0.,  "Low  Temperature  Properties  of  Free-Machining  300-Series  CRES",  Reportable 
Item  Submission  Number  MFS  18241,  Rocketdyne/North  American,  Contract  NASw  16 
(June  14,  1968). 

AISI  303;  ultimate  tensile  strength  tensile  yield  strength;  elongation;  reduction  in  area,  423  F 


585.  Malin,  C.  0.,  "Low-Temperature  Properties  of  Cast  Inconel  718",  Reportable  Item  Submission 
Number  MFS-18240,  Rocketdyne/North  American,  Contract  NASw-16  (June  14,  1968). 

Inconel  718;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area;  notch  tensile 
strength;  -423  F 


586.  Malin,  C.  0.,  "Low-Temperature  Properties  of  Cast  310  and  347  CRES",  Reportable  Item 

Submission  Number  MFS-18235,  Rocketdyne/North  American,  Contract  NASw  16  (June  21, 
1968). 

AISI  310,  AISI  347;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile  strength;  423  F 


587.  Malin,  C.  O.,  "Low-Temperature  Properties  of  Armco  21-6  9 Alloy  (Cr-Ni  Mn)",  Reportable 
Item  Submission  Number  MFS-18243,  Rocketdyne/North  American  (June  14,  1968). 

216  9;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  423  F 


588.  Malin,  C.  0.,  "Low  Temperature  Properties  of  Large  Inconel  718  Forgings",  Reportable  Item 
Submission  Number  MFS-18244,  Rocketdyne/North  American,  Contract  NASw  16 

(June  14,  1968). 

Inconel  718;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area;  notch  tensile  strength; 
impact  properties;  -423  F 

589.  Merisov,  B.  A.,  and  Khotkevich,  V.  I.,  "Lattice  Component  of  the  Heat  Conductivity  of 
Industrially  Pure  Niobium",  Physics  of  Metals  and  Metallography,  26  (2),  182  184  (1968). 

Niobium,  thermal  conductivity;  30  K 
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590.  Nachtigall,  A.  J.,  Klima,  S.  J.,  and  Freche,  J.  C.,  "Fatigue  Behavior  of  Rocket  Engine  Materials 
to  452  F (4  K)",  Journal  of  Materials,  JMLSA,  3 (2),  425-443  (June  1968). 

2014  T6;  Inconel  718;  TI-5AI-2.5Sn,  AISI  301;  fatigue  properties:  fracture  properties;  notch  properties;  4 K 


591.  Pierce,  W.  S.,  "Crack  Growth  in  2014-T6  Aluminum  Tensile  and  Tank  Specimens  Cyclically 
Loaded  at  Cryogenic  Temperatures",  NASA  Technical  Note  NASA  TN  D 4541  (April  1968). 

201  4 T6;  fatigue  properties;  423  F 


592.  Pyle,  R.,  Schillinger,  D.  E.,  and  Carman,  C.  M.,  "Plane  Strain  Fracture  Toughness  and  Mechan- 
ical Pro()erties  of  2219  T87  Aluminum  and  5AI  2.5Sn  ELI  Titanium  Alloy  Weldments  and 
One  Inch  Thick  5AI  2.5Sn  ELI  Titanium  Alloy  Plate",  FA  Report  R-1897,  NASA  CR-72154, 
Frankford  Arsenal  (September  1968). 

2219-T87;  Ti-5AI-2  5Sn;  fracture  toughness;  ultimate  tensile  strength;  tensile  yield  strength;  elongation; 
reduction  in  area;  weld  properties,  423  F 

593.  Rawe,  R.  A.,  "Biaxial  Strength  of  MIG  and  TIG-Welded  2014-T6  at  70,  -320,  and  423  F", 
Technical  Report  NASA  CR  109904,  Douglas  Aircraft  Company,  Contract  NAS  7 101 
(May  24,  1968). 

2014  T6;  ultimate  tensile  strength:  tensile  yield  strength;  elongation;  weld  properties;  -423  F 


594.  Reed,  R.  P.,  Mikesell,  R.  P.,  and  Greeson,  R.  L.,  "Some  Mechanical  Properties  of  Magnesium 
Alloys  at  Low  Temperatures",  NBS. 

AZ31 B;  ZE  10A;  HM31A,  HIVI21A,  HK31A;  impact  properties;  tensile  properties;  stress-strain  data;  424  F 


595.  Reese,  W.,  Higgins,  P.  J.,  and  Rostine,  G.  W.,  "Effects  of  Radiation  Induced  Cross  Links  on 
the  Low-Temperature  Properties  of  Polystyrene",  Journal  of  Applied  Physics,  39  (3),  1800- 
1802  (Februray  1968). 

Polystyrene,  thermal  conductivity;  specific  heat;  1 K 


596.  Rosenberg,  S.  J.,  "Nickel  and  Its  Alloys",  National  Bureau  of  Standards  Monograph  106 
(May  1968). 

Nickel,  nickel  alloys;  maraging  steels;  stainless  steels;  engineering  steels;  production,  mechanical  properties; 
electrical  properties,  thermal  properties;  magnetic  properties,  applications,  -320  F 

597.  Schmidt,  E.  H.,  "Fatigue  Properties  of  Sheet,  Bar,  and  Cast  Metallic  Materials  for  Cryogenic 
Applications",  Technical  Report  R 7564,  Rocketdyne/North  American,  Contract  NAS  8- 
18734  (August  30,  1968). 

6061, 7075,  Ti-5AI  2 5Sn,  AISI  310,  AISI  321;  AISI  347;  A 286,  Inconel  718,  Inconel  X 750,  Monel  alloy 
K-500,  AISI  4340;  fatigue  properties,  423  F 
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598.  Schultz,  R,  A.,  "ALCOA  Aluminum  Alloy  2021",  Manufacturers'  Literature,  Aluminum 
Company  of  America  (April  1968). 

2021-T81 ; ultimate  tensile  strength:  tensile  yield  strength;  elongation:  -452  F 


599.  Schwartzberg,  F.  R.,  Osgood,  S.  H.,  and  Herzog,  R.  G.,  "Cryogenic  Materials  Data  Handbook 
(Revised)",  Supplement  4,  AFML  TR  64-280,  Volumes  1 & 2,  Martin  Marietta  Corporation, 
Contract  F 33(615)  67-C  1 794  (June  1968). 

Handbook:  compilation:  metallic  materials:  nonmetallic  materials;  mechanical  properties:  thermal  properties: 
cryogenic  temperature 

600.  Shannon,  J.  L.,  Jr.,  and  Brown,  W.  F.,  Jr.,  "A  Review  of  Factors  Influencing  the  Crack 
Tolerance  of  Titanium  Alloys",  ASTM  STP  432,  33-63  (1968). 

Ti-6AI-4V:  Ti-5AI-2.5Sn:  Ti-8AI  11Vlo-1V:  Ti  4AI-3Mo-1  V.  Ti  1 3V-1 1 Cr-3AI;  Ti-6AI-6V-2Sn;  fracture  toughness 
crack  propagation;  tensile  properties,  423  F 

601.  Shogan,  R.  P.,  "Tensile  Properties  of  Irradiated  Ti-5%AI-2.5%Sn  ELI  at  Cryogenic 
Temperatures",  Technical  Report  WANL  TME  1860,  Westinghouse  Electric  Company 
(November  1968). 

Ti-5AI-2.5Sn:  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area:  140  R 


602.  Soffer,  L.  M.,  and  Molho,  R.,  "Mechanical  Properties  of  Epoxy  Resins  and  Glass/Epoxy 
Composites  at  Cryogenic  Temperatures”,  Cryogenic  Properties  of  Polymers,  Marcel  Dekker, 
Inc.,  New  York  (1968),  pp  87  1 17. 

Fiberglass/epoxy  composites:  epoxy  resins:  ultimate  tensile  strength,  elongation,  notch  toughness;  impact 
properties:  thermal  contraction:  -423  F 

603.  Sullivan,  T.  L.,  "Texture  Strengthening  and  Fracture  Toughness  of  Titanium  Alloy  Sheet  at 
Room  and  Cryogenic  Temperatures",  ASTM  STP  432,  236  247  (1968). 

Ti-4AI;  Ti-5AI-2  5Sn,  ultimate  tensile  strength:  tensile  yield  strength;  notch  tensile  strength;  fracture 
properties,  weld  properties,  Poisson's  ratio,  423  F 

604.  Vozilkin,  V.  A.,  Prekul,  A.  F.,  Rakin,  V.  G.,  et  al.,  "Structure  Dependence  of  the  Super 
conducting  Properties  of  the  Alloy  of  Titanium  With  47  Wt.  % Niobium  ',  Physics  of  Metals 
and  Metallography,  26  (4),  77  84  (1968). 

Ti  47I\lb,  superconductivity.  4 2 K 
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605.  Wigley,  D.  A.,  "Mechanical  Properties  of  Materials  at  Low  Temperatures",  Cryogenics,  8 
(1),  3-12  (February  1968). 

Aluminum;  copper;  nickel;  molybdenum,  Armco  iron;  AIG'  1010;  AISI  1030;  AISI  1020;  AISI  304.  AISI  316; 
TI-13V-1 1Cr-3AI;  meraging  steel;  ultimate  tensile  strength;  '’usile  yield  strength;  stress-strain  data;  4.2  K 

606.  Wunderlich,  B.,  "Heat  Capacities  of  Linear  High  Polymers",  Technical  Report  No.  17, 
Rensselaer  Polytechnic  Institute,  Contract  Nonr-591(19)  (November  1968). 

Polyethylene;  polystyrene;  polymethylmethacrylate;  polytetrafluoroethylene;  polychlorotrifluoroethylene; 
specific  heat;  below  10  K 

1969 

607.  Armstrong,  P.  E.,  and  Eash,  D.  T.,  "Simultaneous  Measurement  of  Young's  Modulus  and 
Shear  Modulus  at  Low  Temperatures",  Proceedings  of  the  1968  Cryogenic  Engineering 
Conference,  64  70  (1969). 

Vanadium;  7039-T6;  AISI  303,  modulus  of  elasticity,  shear  modulus;  -320  F 

608.  Baker.  C.,  and  Sutton,  J.,  "Correlation  of  Superconducting  and  Metallurgical  Properties 
of  a Ti-20  at.%  Nb  Alloy",  Philosophical  Magazine,  Series  8, 1.9,  1223-1255  (1969). 

Ti-20Nb;  supercondiictivity;  4 2 K 

609.  Barth,  H.  A.,  "The  Selection  of  Metallic  Materials  for  Very  Low  Temperature  Equipment", 
Proceedings  of  the  International  Conference  on  Pressure  Vessel  Technology,  Part  II. 

Materials  and  Fabrication,  895  908  (1969). 

18/8  stainless;  9Ni  steel;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  creep  properties;  impact 
properties,  -269  C 

610.  Beardmore,  P.,  "Temperature  Dependence  of  Yield  and  Fracture  in  Polymethylmethacrylate", 
Philosophical  Magazine,  Series  8, 19  ( 1 58),  389  401  (February  1969). 

Polymethylmethacrylate;  strain  rates;  compressive  properties,  tensile  yield  strength;  stress-strain  data; 
brittle  fracture;  78  K 

611.  Benz,  M.  G.,  "Magnetoresistance  of  Copper  at  4.2  K in  T ransverse  Fields  Up  to  100  kG", 
Journal  of  Applied  Physics,  40  (5),  2003-2005  (April  1969). 

Electrolytic  tough  pitch  copper;  OFHC  copper;  magnetoresistance;  4 2 K 

612.  Ceresara,  S.,  "Resistivity  Changes  Upon  Low  Temperature  Fatiguing  and  Annealing  of  Poly 
crystalline  Aluminum",  Philosophical  Magazine,  Series  8, 19  (157),  99-104  (January  1969). 

Aluminum;  electrical  resistivity,  fatigue  properties;  195  C 
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613.  DeMoney,  F.  W.,  Ldktj.  R.  L.,  and  Fiber,  R.  J.,  "Burst  Tests  of  Preflawed  Welded  Pressure 
Vessels  of  7039  T6151  Aluminum  Alloy  at  -210  and  -310  F",  Proceedings  of  the  Interna- 
tional Conference  on  Pressure  Vessel  Technology,  Part  II.  Materials  and  Fabrication,  733- 
742  (1969). 

7039-Tfil51  tensile  veiu  sUenqth,  notch  tensile  strength;  weld  properties;  fracture  properties;  -310  F 

614.  Giles,  M.,  and  Terry,  C..  "Low  Temperature  Thermal  Conductivity  of  Polyethylene",  Physical 
Review  Letters,  22  (17),  882  883  (April  28,  1969). 

Polyethylene;  thermal  conductivity;  below  1 K 

615.  Gindin,  I.  A.,  Matsevity,  V.  M.,  and  Starodubov,  Y.  D.,  "Low-Temperature  Ductility  of 
Poly  crystal  line  Copiier",  Physics  of  Metals  and  Metallography,  27  ( 1 ),  187-189  (1 969). 

Copper;  ultimate  tensile  strength;  elongation;  77  K 

616.  Gindin,  I.  A.,  Lazareva,  B.  M.,  Matsevity,  V.  M.,  and  Starodubov,  Y.  D.,  "Temperature 
Dependence  of  the  Mechanical  Properties  of  Copper  After  Low-Temperature  Rolling", 
Physics  of  Metals  and  Metallography,  27  (3),  164-166  (1969), 

Copper;  ultimate  tensile  strength;  proof  stress;  shear  modulus;  20  K 


617.  Golik,  V.  R.,  and  Starodubov,  Y.  D.,  "Tensile  and  Impact  Strengths  of  Acrylics  at  Low 
Temperatures  (4.2-300  K)",  Polymer  Mechanics,  5 (5),  822  823  (September-October  1969). 

Plastics;  ultimate  tensile  strength;  4 2 K 
Plastics;  impai  I properties;  77  K 

618.  Hall,  L.  R.,  and  Finger,  R.  W.,  "Fracture  and  Fatigue  Growth  of  Partially  Embedded  Flaws", 
Proceedings  of  the  Air  Force  Conference  on  Fatigue  and  Fracture  of  Aircraft  Structures  and 
Materials,  235  262  (December  1969). 

2014  T62;  2219  T87,  T1-6AI  4V.  Ti  5AI  2 5Sn,  ultimate  tensile  strength;  tensile  yield  strength;  elongation; 
fracture  toughness;  fatigue  properties,  423  F 

619.  Must,  J.  G.,  "Thermal  Conductivity  Standard  Reference  Materials  From  4 to  300  K.  I.  Armco 
Iron",  NBS  Technical  Report  9740  (August  1969). 

Armco  iron;  thermal  conductivity,  electrical  resistivity,  4 K 


620.  Kharitonova,  L.  D.,  "Application  and  Friction  Properties  of  Teflons  at  Low  Temperatures", 
Foreign  Technology  Division  Report  FTD-MT  24-1 13-69,  Wright-Patterson  AFB,  Ohio 
(April  30,  1969). 

Kel  F,  Teflon,  compressive  yield  strength,  40  K 
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621.  Kos,  J.  F.,and  Lamarche,  J.L.G.,  "Thermal  Expansion  of  the  Noble  Metals  Below  15  K", 
Canadian  Journal  of  Physics,  47  (22),  2509  2518  (1969). 

Copper;  silver;  gold;  thermal  expansion;  4.2  K 

622.  Masters,  J.  N.,  Haese,  W.  P.,  and  Finger,  R.  W.,  "Investigation  of  Deep  Flaws  in  Thin  Walled 
Tanks",  Final  Report  D2  121696-1,  NASA  CR  72606,  Boeing  Company,  Contract  NAS  3 
10290  (December  1969). 

Ti-5AI-2.5Sn.  2219-T87;  ultimate  tensile  strength;  tensile  yield  strength;  elongation:  reduction  in  area;  Poisson's 
ratio;  modulus  of  elasticity;  weld  properties;  fracture  toughness;  -423  F 

623.  McCammon,  R.  D„  and  Saba,  R.  G.,  "Dielectrir  Properties  of  Polystyrene  and  Some  Poly- 
chlorostyrenes  From  4 K to  Room  Temperature  Journal  of  Polymer  Science,  Part  A 2, 

7,  1721-1733  (1969). 

Polystyrene;  dielectric  properties;  4 K 


624.  Mclnturff,  A.  D.,  "Coupling  of  (Ti-Nb)  Filaments  in  a Superconducting  Multifilament 
Composite  Conductor",  Journal  of  Applied  Physics,  ^ (5),  2080-2082  (April  1969). 

Metal  matrix  composites,  Ti-Nb/Cu  composite;  Ti-28Nb;  magnetization;  superconductivity;  4.2  K 


625.  Mclnturff,  A.  S„  and  Paskin,  A.,  "Magnetization  Studies  in  Nb3Sn  and  Ti-Nb  Alloys", 

Journal  of  Applied  Physics,  ^ (6),  2431  2440  (May  1969). 

Nb3Sn;  Ti-28Nb;  magnetization;  4.2  K 

626.  McLean,  K.  O.,  "Low  Temperature  Thermal  Expansion  of  Copper,  Silver,  Gold,  and  Aluminum", 
Ph.  D.  Dissertation,  Iowa  State  University  (November  1969). 

Aluminum;  copper;  gold;  silver;  thermal  expansion;  2.5  K 


627.  Nachtigall,  A.  J.,  "Comparison  of  Tensile  Properties  of  304L  and  310S  Stainless  Steels  in 
Liquid  Helium",  NASA  Technical  Memorandum  NASA  TM  X-52703  (October  30,  1969). 

AISI  304L;  AISI  310;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile  strength; 
452  F 

628.  Neff,  D.  V.,  Mitchell,  T.  E.,  and  Troiano,  A.  R.,  "The  Influence  of  Temperature,  Transfor- 
mation, and  Strain  Rate  on  the  Ductility  Properties  of  Austenitic  Stainless  Steels", 
Transactions  of  the  ASM,  62  (4),  858-868  (December  1969). 

AISI  301;  AISI  302;  AISI  304;  AISI  304L;  AISI  305;  AISI  316.  AISI  309,  AISI  310;  AISI  330;  elongation; 
reduction  in  area;  strain  rate;  -321  F 
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629.  Nelson,  F.  G.,  Kaufman,  J.  G.,  and  Wanderer,  E.  T.,  'Tensile  Properties  and  Notch  Toughness 
of  Groove  Welds  in  Wrought  and  Cast  Aluminum  .Alloys  at  Cryogenic  Temperatures", 
Proceedings  of  the  1968  Cryogenic  Engineering  Conference,  71-82  (1969). 

2219;  3003;  5083;  5454;  5456;  6061;  A344;  354;  C355;  ultimate  tensile  strength;  tensile  yield  strength; 
elongation;  reduction  in  area;  notch  tensile  strength;  weld  properties;  -452  F 

630.  Pittinato,  G.  F.,  "The  Reactivity  of  Hydrogen  With  Ti  6AI  4V  Under  Fatigue  Cycling  at 
Ambient  and  Cryogenic  Temperatures",  Transactions  of  the  ASM  Quarterly,  62  (2),  410-417 
(June  1969). 

Ti-6AI-4V;  fatigue  properties;  -423  F 


631.  Potapov,  N.  N.,  "Magnetic  Hysteresis  of  Superconductive  Nb  Sn  Alloys.  II.  Magnetic 
Hysteresis  and  Crystal  Structure  of  the  Compound  Nb3Sn",  Physics  of  Metals  and  Metallog 
raphy,  27  (2),63-70(1969). 

Nb3Sn;  magnetic  hysteresis;  4.2  K 

632.  Potapov,  N.  N.,  and  Zaykina,  G.  I.,  "Magnetic  Hysteresis  of  Superconductive  Nb  Sn  Alloys. 
I.  Magnetic  Hysteresis  and  Phase  Composition",  Physics  of  Metals  and  Metallography,  27 
(1),  57-62  (1969). 

Nb3Sn;  magnetic  hysteresis,  4.2  K 

633.  Roberts,  B.  W.,  "Superconductive  Materials  and  Some  of  Their  Properties",  NBS  Technical 
Note  482  (May  1969). 

Monograph;  compilation;  metals;  compounds;  superconductivity;  below  1 K 


634.  Schwartzberg,  F.  R.,  Keys,  R.  D.,  and  Kiefer,  T.  F.,  "Fracture  Behavior  of  Two  New  High- 
Strength  Aluminum  Alloys",  Metals  Engineering  Quarterly,  9 (4),  53-56  (November  1969). 

2021-T81;  X7007-T6;  fracture  toughness;  -423  F 


635.  Spaeder,  C.  E.,  Jr.,  Majetich,  J.  C.,  and  Brickner,  K.  G.,  "High-Strength  Austenitic  Stainless 
Steel  for  Cryogenic  Service",  Metals  Engineering  Quarterly,  9 (3),  1-6  (August  1969). 

18Cr  steel;  ultimate  tensile  strength;  tensile  yield  strength;  elongation,  notch  toughness;  impact  properties, 
weld  properties;  -320  F 

636.  Zoller,  P.,  Decker,  P.  R.,  and  Dillinger,  J.  R.,  "Anomalous  Low  Temperature  Specific  Heat 
of  Austenitic  Stainless  Steels",  Journal  of  Applied  Physics,  ^ (4),  1964-1966  (March  1 5, 
1969). 

AtSI  304,  AISI  304L,  AISI  310;  AISI  321;  18Cr  steel;  specific  heat,  1.7  K 
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637.  “Ferrous  Welding  Filler  Metals  for  Cryogenic  Service”,  Cryogenics  and  Industrial  Gases,  5 
(9),  21  23  (November-December  1970). 

Filler  metals;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  impact  properties;  weld  properties; 
150  F 

638.  "Low  Temperature  Mechanical  Properties  of  Various  Alloys.  A Compilation",  NASA  SP- 
5921(01)  (1970). 

AISI  4340;  21-6-9,  A-286;  AISI  310;  A1SI  347;  1 7-4PH;  Maraging  (200);  9IMi  steel;  Inconel  718;  Hastelloy  X; 
Ti-5AI-2.5Sn;  Ti-6AI  4V;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile  strength; 
423  F 


639.  Bixler,  W.  D.,  "Comparison  of  Flaw  Growth  Characteristics  Under  Cryogenic  Proof  and 

Ambient  Test  Conditions  for  Apollo  Titanium  Pressure  Vessels",  Final  Report  D2  121700  1, 
Boeing  Company,  Contract  NAS  9-10265  (Jaunary  1970). 

Ti-6AI-4V;  fracture  mechanics;  -320  F 


640.  Campbell,  J.  E.,  "Review  of  Recent  Developments.  Low-Temperature  Properties  of  Metals", 
Technical  Report,  Battelle  Memorial  Institute  (August  1970). 

AISI  301;  AISI  304L;  AISI  310;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  452  F 
Beryllium;  fracture  toughness;  -320  F 


641.  Choy,  C.  L.,  Salinger,  G.  L.,  and  Chiang,  Y.  C.,  "Thermal  Conductivity  of  Some  Amorphous 
Polymers  Below  4 K",  Journal  of  Applied  Physics,  4J_  (2),  597-603  (February  1970). 

Polystyrene;  polymethylmethacrylate;  specific  heat;  thermal  conductivity;  0.4  K 


642.  Choy,  C.  L.,  Hunt,  R.  G.,  and  Salinger,  G.  L.,  "Specific  Heat  of  Amorphous  Polymethyl 
Methacrylate  and  Polystyrene  Below  4 K",  Journal  of  Chemical  Physics,  52  (7),  3629-3633 
(April  1,  1970). 

Polymethylmethacrylate;  polystyrene,  specifc  heat,  0.5  K 

643.  Clark,  A.  F.,  and  Kropschot,  R.  H.,  "Low  Temperature  Specific  Heat  and  Thermal  Expansion 
of  Alloys",  Proceedings,  Committee  1,  Conference  on  Cryophysics  and  Cryoengineering, 
Tokyo,  Japan  (September  11  12,  1970). 

Aluminum;  copper,  6061,  AISI  347,  Ti-6AI  4V;  Ti-13V-1 1Cr-3AI;  specific  heat;  thermal  expansion; 

60  K 
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644.  Clark,  A.  F.,  Childs,  G.  E.,  and  Wallace,  G.  H.,  "Low-Temperature  Electrical  Resistivity  of  Some 
Engineering  Alloys",  Proceedings  of  the  1969  Cryogenic  Engineering  Conference,  85-90  (1970). 

2024;  5083;  7039:  Hastelloy  N;  Hastelloy  X;  Inconel  X-750;  Udimet  700;  OFHC  copper;  Cu-30Zn;  Cu-28Zn- 
ISn;  Ti-6AI-4V;  Ti-13V  1 1Cr-3AI;  AISI  304L;  AISI  316;  AISI  321;  17-7PH;  electrical  resistivity;  4 K 


645.  Clark,  A.  F.,  Childs,  G.  E.,  and  Wallace,  G.  H.,  "Electrical  Resistivity  of  Some  Engineering 
Alloys  at  Low  Temperatures",  Cryogenics,  10  (4),  295-305  (August  1970). 

Aluminum  alloys;  nickel  alloys;  copper  alloys;  titanium  alloys:  stainless  steel;  iron  alloys;  electrical  resistivity; 
4 K 


646.  Collings,  E.  W.,  and  Ho,  J.  C.,  "Physical  Properties  of  Titanium  Alloys",  The  Science, 

Technology  and  Application  of  Titanium,  edited  by  R.  I.  Jaffee  and  N.  E.  Promisel,  Pergamon 
Press,  New  York  (1970),  pp  331-347. 

Titanium;  titanium  alloys;  specific  heat;  1.5  K 
Titanium;  titanium  alloys:  magnetic  susceptibility;  78  K 


647.  Cooper,  R.  F.,  and  Yates,  B.,  "Low  Temperature  Interferometric  Measurements  of  the  Thermal 
Expansion  of  Copper  and  Nitralloy",  Cryogenics,  10  (5),  442  444  (October  1970). 

Copper;  iron  alloys;  thermal  expansion;  10  K 


648.  Duckett,  R.  A.,  Rabinowitz,  S.,  and  Ward,  I.  M.,  "The  Strain-Rate,  Temperature  and  Pressure 

Dependence  of  Yield  of  Isotropic  Poly  (methylmethacrylate)  and  Poly  (ethylene  terephthalate)". 
Journal  of  Materials  Science,  5 (10),  909-915  (October  1970). 

Polymethylmethacrylate;  compressive  yield  stress;  ultimate  tensile  strength;  -25  C 


649.  Fedorov,  G.  V.,  and  Ryabinina,  N.  M.,  "Hall  Effect,  Magnetic  Susceptibility  and  Resistivity  of 
Cu-Ni  Alloys",  Physics  of  Metals  and  Metallography,  29  (1 ),  82-86  (1970). 

Copper  alloys;  magnetic  susceptibility:  electrical  resistivity;  77  K 


1 


652.  Hahn,  T.  A.,  "Standards,  Copper,  Methods.  Thermal  Expansion  of  Copper  From  20  to  800  K — 
Standard  Reference  Material  736",  Journal  of  Applied  Physics,  41  (13),  5096-5101  (December 
1970). 

Copper;  thermal  expansion;  20  K 


653.  Hall,  L.  A.,  and  Germann,  F.E.E.,  "Survey  of  Electrical  Resistivity  Measurements  on  8 Addi- 
tional Pure  Metals  in  the  Temperature  Range  0 to  273  K",  NBS  Technical  Note  365-1  (August 
1970). 

Cadmium;  chromium;  manganese;  titanium;  tungsten;  vanadium;  zinc;  zirconium;  electrical  resistivity;  0 K 


654.  Hempel,  M.,  "The  Fatigue  Properties  of  Titanium  and  Titanium  Alloys.  Parti.  The  Fatigue 
Strength  at  Low  and  High  Temperatures",  Technical  Report  RAE-Library  Trans-1400,  TRC- 
BR-18776,  Royal  Aircraft  Establishment  (January  1970). 

Titanium;  Ti-2.7Cr-1 ,3Fe;  Ti-4AI-4Mn;  Ti-8Mn;  Ti-6AI-4V;  fatigue  properties;  -196  C 


655.  Hust,  J.  G.,  and  Sparks,  L.  L.,  "Thermal  Conductivity  Standard  Reference  Materials  From  4 to 
300K;  II.  OSRM  Iron-1265",  NBS  Technical  Report  9771  (October  27,  1970). 

Iron;  thermal  conductivity;  4 K 


656.  Hust,  J.  G.,  "Thermal  Conductivity,  Electrical  Resistivity,  and  Thermopower  of  Aerospace 
Alloys  From  4 to  300  K;  II.  AISI  347  Stainless  Steel",  NBS  Technical  Report  9772 
(October  27,  1970). 

AISI  347;  thermal  conductivity;  electrical  resistivity;  4 K 


657.  Hust,  J.  G.,  and  Sparks,  L.  L.,  "Thermal  Conductivity,  Electrical  Resistivity,  and  Thermopower 
of  Aerospace  Alloys  From  4 to  300  K:  III.  Annealed  Inconel  718",  NBS  Technical  Report 
9775  (November  24,  1970). 

Inconel  718;  thermal  conductivity;  electrical  resistivity:  4 K 


658.  Khromov,  B.  P.,  and  Dement'yev,  G.  N.,  "Magnetic  Properties  of  the  Elinvar  Alloy  N37Kh8 
in  Strong  Fields",  Physics  of  Metals  and  Metallography,^  (2),  198-201  (1970). 

Invar,  magnetic  properties,  17  C 


659,  Lowell,  J.,  and  Sousa,  J.  3.,  "Mixed-State  Thermal  Conductivity  of  Type  II  Superconductors", 
Journal  of  Low  Temperature  Physics,  3(1),  65-87  (July  1970). 

Niobium;  niobium  alloys;  thermal  conductivity;  4 K 
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660. 


661. 


662. 


663 


664. 


665. 


666. 


667. 


Midgley,  P.,  Thackray,  R.  W.,  and  Herrick,  D.A.R.,  "The  Effect  of  Heat  Treatment  and  Fabrica- 
tion Processes  on  the  Tensile  Properties  of  the  Aluminum  Alloy  Hiduminium  48  in  the 
Temperature  Range  293  K to  20  K",  Technical  Report  70/10,  Rocket  Propulsion  Establishment 
(October  1970). 

Aluminum  alloys:  British  alloys;  HS  30  (U.S.  6061 ),  D 74S  (U.S.  7005);  L 71  (U.S.  2014);  Hiduminium  48 
(U.S.  7039);  DTD  687;  3033X;  ultimate  tensile  strength;  notch  tensile  strength.  20  K 

Mikheyev,  V.  S.,  Pustovoytova,  T.  G.,  Sokolov,  V.  S.,  and  Shnyrev,  G.  D.,  "Strength  and 
Ductility  of  Ti-Nb-Zr  Alloys  at  196  C and  at  +20  C",  Russian  Metallurgy,  (4),  125-126  (1970). 

Titanium  alloys;  ultimate  tensile  strength;  reduction  in  area;  196  C 


Moskalenko,  V.  A.,  Puptsova,  V.  N.,  and  Ulyanov,  R.  A , "Strength  and  Ductility  of  Titanium 
Alloys  at  Low  Temperatures",  Metal  Science  and  Heat  Treatment,  (6),  464-466  (June  1970). 

Titanium  alloys;  ultimate  tensile  strength;  reduction  in  area;  4.2  K 


Pereira,  F.N.D.D.,  Barnes,  C.  H.,  and  Graham,  G.  M.,  "Sensitive  Dilatometer  for  Low  Tempera- 
tures and  the  Thermal  Expansion  of  Copper  Below  10  K",  Journal  of  Applied  Physics,  ^ 

(13),  5050-5054  (December  1970). 

Copper;  thermal  expansion;  10  K 


Pettit,  D.  E.,  Fedderson,  C.  E.,  and  Mindlin,  H.,  "Flaw  Growth  behavior  of  Inconel  718  at 
Room  and  Cryogenic  Temperature",  NASA  CR-101942,  Final  Report,  Battelle  Memorial 
Institute,  Contract  NAS  9-7689  (March  1970). 

Inconel  718;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  fracture  properties;  fatigue 
properties:  423  F 

Rapp,  0.,  "Superconductivity  and  Lattice  Parameters  in  the  Zirconium-Molybdenum, 
Zirconium-Tungsten,  Hafnium-Molybdenum,  and  Hafnium-Tungsten  Alloy  Systems", 

Journal  of  the  Less  Common  Metals,  2J_  (1),  27  44  (May  1970). 

Zirconium  alloys;  hafnium  alloys;  superconductivity:  1 K 

Rickards,  P.  J.,  "The  Low  Temperature  Tensile  Properties  of  Malleable  Cast  Irons",  Cryogenics, 
10  (3),  214-219  (June  1970). 

Iron;  ultimate  tensile  strength;  elongation;  fracture  properties;  stress-strain  data;  77  K 


Schwartzberg,  F.  R.,  Keys,  R.  D.,  and  Kiefer,  T.  F.,  "Cryogenic  Alloy  Screening",  Final 
Report,  NASA  CR  72733,  The  Martin  Company,  Contract  NAS  3-1 1203  (November  1970). 

2021  T81 ; X7007  T6;  A I SI  301 : ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in 
area;  modulus  of  elasticity;  Poisson's  ratio;  weld  properties;  fracture  toughness;  -423  F 


f 
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668.  Schwartzberg,  F.  R.,  Keys,  R.  D.,  and  Kiefer,  T.  F.,  "Cryogenic  Alloy  Screening",  Interim 
Report  NASA  CR  72617,  Martin  Marietta  Corporation,  Contract  NAS  3-11203  (February  1970). 

2021-T81 ; X7007-T6;  AISI  301 ; ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area; 
■423  F 

2021  -T81 ; X7007-T6;  modulus  of  elasticity;  thermal  expansion;  20  K 

669.  Telinde,  J.  C.,  "Strain  Gages  in  Cryogenic  Environment",  Experimental  Mechanics,  10  (9), 

394  400  (September  1970). 

7075-T6;  Ti-6AI-4V;  AISI  4130;  nickel  alloys;  compressive  modulus;  thermal  expansion;  electrical  resistivity; 

•452  F 


670.  Tiffany,  C.  F.,  Masters,  J.  N.,  and  Bixler,  W.  D.,  "Investigation  of  Crack  Growth  Threshold  of 
Inconel  718  Exposed  to  High  Pressure  Oxygen",  Technical  Report  NASA  CR-108485,  Boeing 
Company,  Contract  NAS  9-10913  (August  1970). 

Inconel  718;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area,  weld  properties; 
fracture  toughness;  -320  F 

671.  Touloukian,  Y.  S.,  Powell,  R.  W.,  Ho,  C.  Y.,  and  Klemens,  P.  G.,  "Thermophysical  Properties 
of  Matter,  Volume  1.  Thermal  Conductivity,  Metallic  Elements  and  Alloys",  Plenum  Press, 
New  York  (1970). 

Metals;  alloys;  thermal  conductivity;  cryogenic  temperatures 


672.  Touloukian,  Y.  S.,  and  Buyco,  E.  H.,  "Thermophysical  Properties  of  Matter,  Volume  4. 
Specific  Heat,  Metallic  Elements,  and  Alloys",  Plenum  Press,  New  York  (1970). 

Metals;  alloys;  specific  heat;  cryogenic  temperatures 


673.  Younger,  C.  L.,  and  Haley,  F.  A.,  "Irradiation  Effect  at  Cryogenic  Temperature  on  Tensile 
Properties  of  Titanium  and  Titanium-Base  Alloys",  Technical  Memorandum  NASA  TM  X- 
52772  (1970). 

Titanium,  Ti-5AI-2  5Sn,  Ti  6AI-4V;  Ti  8AI  1 Mo-1  V;  ultimate  tensile  strength;  tensile  yield  strength;  elongation; 
reduction  in  area;  17  K 

1971 

674.  Ackermann,  F.  W.,  Klawitter,  W.  A.,  and  Drautman,  J.  J.,  "Magnetic  Properties  of  Commercial 
Soft  Magnetic  Alloys  at  Cryogenic  Temperatures",  Proceedings  of  the  1970  Cryogenic 
Engineering  Conference,  46  50  (1971). 

Iron,  iron  alloys,  magnetic  permeability,  4 2 K 
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675.  Awad,  F.  G.,  and  Gugan,  D.,  "The  Thermal  Expansion  of  Cu,  Al,  KCI,  and  Kl  Between  10  and 
80  K",  Cryogenics,  1_L  (5),  414-415  (October  1971 ). 

Copper;  aluminum;  thermal  expansion;  10  K 


676.  Beardmore,  P.,  and  Rabinowitz,  S.,  "Low  Temperature  Crazing  in  Amorphous  Polymers", 
Journal  of  Materials  Science,  6(1),  80-86  (January  1971). 

Polymers;  polymethylmethacrylate;  stress-strain  data;  fracture  properties;  78  K 


677.  Beardmore,  P.,  and  Johnston,  T.  L.,  "Fracture  of  Polymethylmethacrylate  at  Low  Temperatures", 
Philosophical  Magazine,  Series  8,  23  (185),  1119-1131  (May  1971 ). 

Polymethylmethacrylate;  flow  stress;  fracture  stress;  plastic  deformation;  78  K 


678.  Bishop,  J.  H.,  Hirschkoff,  E.  C.,  and  Wheatley,  J.  C.,  "Very  Low  Temperature  Static  Magnetic 
Properties  of  Certain  Metals  Possibly  Useful  as  Magnetic  Thermometers",  Journal  of  Low 
Temperature  Physics,  5 (6),  607-616  (December  1971 ). 

Aluminum;  copper;  thallium;  platinum;  magnetic  properties;  10  K 


679.  Buchanan,  D.  P.,  and  Kellum,  T.  L.,  "Weldability  Study  of  Aluminum  Alloy  X2020-T8E31 ", 
Technical  Report  ASD-ASTN-1273,  Teledyne  Brown  Engineering  Company,  Contract  NAS  8- 
20073  (February  1971). 

X2020-T8E31 ; ultimate  tensile  strength;  tensile  yield  strength;  elongation;  weld  properties;  -423  F 


680.  Campbell,  J.  E.,  "Review  of  Recent  Developments.  Low  Temperature  Properties  of  Metals", 
Technical  Report,  Battelle  Memorial  Institute  (March  1971). 

2014-T6;  maraging  steel;  zirconium;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  weld  properties; 
fracture  toughness;  4 2 K 

681 . Clark,  A.  F.,  Wallace,  G,  H.,  and  Childs,  G.  E.,  "Metal  Alloy  Resistivity  Measurements  at  Very 
Low  Temperatures",  Technical  Briefs,  Cryogenics  and  Industrial  Gases,  6 (6),  10  (November- 
December  1971). 

Aluminum  alloys;  copper  alloys;  nickel  alloys;  iron  alloys;  titanium  alloys;  electrical  resistivity;  4 K 


682.  Crooker,  T.  W.,  "Creek  Propagation  in  Aluminum  Alloys  Under  High-Amplitude  Cyclic  Load", 
NRL  Report  7286  (July  12,  1971). 

2219-T87;  5456  H321;  6061  T651;  7005-T63;  7039  T6X31 ; 7106  T63;  fatigue  properties;  78  F 
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683.  Echarri,  A.,  and  Spadoni,  M.,  "Superconducting  Nb3Sn;  A Review",  Cryogenics,  1_1  (4), 
274-284  (August  1971). 

Nb3$n;  superconductivity;  4.2  K 


684.  Falge,  R.  L.,  Jr.,  and  Wolcott,  N.  M.,  "Cluster  Specific  Heats  in  Copper-Rich  Cu-Ni  Alloys; 
The  Effect  of  Iron",  Journal  of  Low  Temperature  Physics,  5 (6),  617-650  (1971). 

Cu-43Ni;  Cu-40Ni;  Cu-20Ni;  specific  heat;  0.4  K 


685.  Feddersen,  C.  E.,  "Fracture  Behavior  of  Surface-Cracked  Tension  Elements",  AIAA  Journal, 
9 (12),  2309  2313  (December  1971). 

AISI  4340,  D6AC:  maraging  (300);Ti-6AI-4V; Ti-5AI-2.5Sn;  fracture  toughness;  -320  F 


686.  Fickett,  F.  R.,  "Aluminum.  1.  A Review  of  Resistive  Mechanisms  in  Aluminum",  Cryogenics, 
11  (5),  349-367  (October  1971). 

Aluminum;  electrical  resistivity;  superconductivity;  magnetoresistance;  4.2  K 


687.  Fickett,  F.  R.,  "Magnetoresistance  of  Very  Pure  Polycrystalline  Aluminum",  Physical  Review  B, 
3 (6),  1941-1952  (March  15,  1971). 

Aluminum;  magnetoresistance;  4 K 

688.  Gindin,  I.  A.,  Starodubov,  Ya.  D.,  and  Khaimovich,  P.  A.,  "The  Relation  Between  Microhardness 
and  Flow  Stress  in  Copper  at  Low  Temperatures",  Strength  of  Materials,  3 (9),  1 131  1 132 
(September  1971). 

Copper;  microhardness;  flow  properties;  80  K 


689.  Hall,  L.  R.,  and  Finger,  R.  W.,  "Investigation  of  Flaw  Geometry  and  Loading  Effects  on  Plane 
Strain  Fracture  in  Metallic  Structures",  Final  Report,  NASA  CR-72659,  Boeing  Company, 
Contract  NAS  3 12016  (December  18,  1971). 

2219-T87;  Ti  5AI-2.5Sn;  fatigue  properties;  fracture  toughness;  -423  F 


690.  Hall,  L.  R.,  "Influence  of  Specimen  Design  in  Plane  Strain  Fracture  Toughness  Testing", 
ASTM  Special  Technical  Publication  496  (August  1971). 

2219  T87;  Ti-5AI  2.5Sn;  fracture  toughness;  -423  F 


691 .  Harding,  J.,  "The  Yield  Behaviour  of  Pure  Polycrystalline  Copper  Under  Repeated  Tensile 
Impact  Loading",  Acta  Metallurgica,  19  (11),  1 177  1 188  (November  1971). 

Copper;  tensile  yield  strength,  impact  properties;  stress-strain  data;  77  K 
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692.  Huettich,  N.  J.,  Pense,  A.  W.,  and  Stout,  R.  D.,  "The  Toughness  of  2%%  and  3V2%  Nickel  Steels", 
WRC  (Welding  Research  Council)  Bulletin  165  (September  1971). 

2Ni  steel.  3Ni  steel;  impecl  pio()erties:  fracture  touyhness;  150  F 


693.  Must,  J.  G.,  and  Clark,  A.  F.,  "The  Lorenz  Ratio  as  a Tool  for  Predicting  the  Thermal  Conduc 
tivity  of  Metals  and  Alloys",  Materials  Research  and  Standards,  H (8),  22-24  (August  1971 ). 

7039,  Ti  5AI  2,5Sn,  gold,  thermal  conductivity;  electrical  resistivity;  7 K 


694.  Hust,  J.  G.,  and  Sparks,  L.  L.,  "Thermal  Conductivity  Standard  Reference  Materials  From 
4 to  300  K:  III.  AGARD  Stainless  Steel",  NBS  Technical  Report  9786  (February  5,  1971 ). 

16Cr  steel;  thermal  conductivity;  electrical  resistivity;  4 K 


695,  Flust,  J.  G.,  and  Sparks,  L.  L.,  "Thermal  Conductivity  Standard  Reference  Materials  From  4 to 
300  K ; V.  AGARD  Stainless  Steel",  NBS  Technical  Report  10  710  (November  1 , 1971 ). 

16Cr  steel;  thermal  conductivity;  electrical  resistivity.  4 K 


696.  Hust,  J.  G.,  and  Sparks,  L,  L.,  "Thermal  Conductivity,  Electrical  Resistivity,  and  Thermopower 
of  Aerospace  Alloys  From  4 to  300  K : IV.  A-286  Stainless  Steel",  NBS  Technical  Report 
9789  (April  6,  1971). 

A 286;  thermal  conductivity,  electrical  resistivity,  4 K 


697.  Hust,  J,  G.,  and  Sparks,  L.  L.,  "Thermal  Conductivity,  Electrical  Resistivity,  and  Thermopower 
of  Aerospace  Alloys  From  4 to  300  K:  V Aluminum  2024",  NBS  Technical  Report  9790 
(April  8,  1971). 

2024;  thermal  conductivity,  electrical  resistivity  4 K 


698.  Hust,  J.  G.,  and  Sparks,  L.  L.,  "Thermal  Conductivity,  Electrical  Resistivity,  and  Thermopower 
of  Aerospace  Alloys  From  4 to  300  K:  VI.  Fe  22Cr  13Ni  5Mn  Stainless  Steel",  NBS  Technical 
Report  9799  (July  28,  1971). 

22  13-5;  thermal  conductivity,  electrical  resistivity,  4 K 


699.  Hust,  J.  G.,  and  Sparks,  L.  L.,  "Standard  Reference  Materials:  Thermal  Conductivity  of 

Electrolytic  Iron,  SRM  734,  From  4 to  300  K",  NBS  Special  Publication  260-31  (November 
1971). 

Iron,  thermal  conductivity;  4 K 


r'  ■ 


93 


700.  Kamada,  K.,  and  Yoshizawa,  I.,  "The  Anomalies  in  Temperature  Dependence  of  the  Yield 
Stress  of  Cu  Base  Solid  Solutions",  Journal  of  the  Physical  Society  of  Japan,  ^ (4),  1056 
1068  (October  1971), 

Copper  alloys;  tensile  yield  strength;  1.6  K 


701 .  Kaufman,  J.  G.,  and  Wanderer,  E.  T.,  "Tensile  Properties  and  Notch  Toughness  of  Some 

7XXX  Alloys  at  452  F",  Proceedings  of  the  1970  Cryogenic  Engineering  Conference,  27  36 
(1971). 

7005;  7007;  7039;  7075;  7079;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area; 
notch  tensile  strength;  -452  F 


702.  Kekalo,  I.  B.,  and  Villems,  K.  B.,  "Temperature-Time  Dependence  of  the  Initial  Permeability 
of  Invar  and  Its  Connection  With  the  Magneto-Elastic  Properties",  Physics  of  Metals  and 
Metallography,  31  (1),  94-98  (1971). 

Invar;  magneto-elastic  properties;  20  C 


703.  Larbalestier,  D.  C.,  and  King,  H.  W.,  "Non  Magnetic  Stainless  Steels  for  Cryogenic  Purposes", 
Technical  Report  RHEL/R  217,  Imperial  College,  London  (January  1971). 

AISI  304;  AISl  304L;  AISI  309;  AISI  310;  AISI  316;  AISI  321;  AISI  347;  Incoloy  800;  Kromarc  55;  magnetic 
permeability;  4.2  K 

704,  Lismer,  R.  E.,  "Properties  of  Metals  at  Low  Temperatures",  Machine  Design,  33  (6),  182-187 
(March  16,  1971). 

Copper;  copper  alloys;  18/8  stainless  steel;  9Ni  steel;  ultimate  tensile  strength;  elongation,  reduction  in  area; 
notch  tensile  strength;  impact  properties;  -196  C 


705.  Madhava,  N.  M.,  Worthington,  P,  J.,  and  Armstrong,  R.  W.,  "Discontinuous  Twinning  During 
Essentially  Elastic  Compression  of  Steel  at  4.2  K",  Technical  Report  No.  4,  University  of 
Maryland,  Contract  N00014-67-A-0239-001 1 (December  1971). 

AISI  1010;  compression  testing;  tensile  testing;  stress-strain  data;  brittle  fracture;  4.2  K 


706.  Montano,  J,  W.,  "An  Evaluation  of  the  Mechanical  and  Stress  Corrosion  Properties  of  Cold 
Worked  A-286  Alloy",  NASA  Technical  Memorandum  NASA  TM  X-64569  (February  12, 
1971). 

A 286;  ultimate  tensile  strength;  tensile  yield  strength,  elongation;  reduction  in  area;  impact  properties;  -423  F 
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709. 


710. 


711. 


712. 


713. 


714. 


Nelson,  F . G.,  and  Kaufman,  J.  G.,  "Plane  Strain  Fracture  Toughness  of  Aluminum  Alloys  at 
Room  and  Subzero  Temperatures",  ASTM  Special  Technical  Publication  496  (August  1971). 

2014  T651;  2024  1851,6061  T651, 7075  T651 : 7075  T7351 ; 7079  T651 , ultimate  tensile  strength; 
tensile  yield  strength,  elongation;  fracture  toughness,  -320  F 


Orange,  T.  W.,  Sullivan,  T.  L.,  and  Calfo,  F.  D.,  "Fracture  of  Thin  Sections  Containing  Through 
and  Part  Through  Cracks",  ASTM  Special  Technical  Publication  496  (August  1971). 

Ti-5AI-2.5Sn;  2014  T6;  2219-T87;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  modulus  of 
elasticity;  fracture  toughness;  -423  F 


Perepechko,  I.  I.,  and  Sorokin,  V.  E.,  "The  Viscous  and  Elastic  Properties  of  Polyethylene  at 
Very  Low  Temperatures",  High  Molecular  Weight  Compounds  Short  Report,  13  (3),  1 71  1 72 
( 1971 ).  (In  Russian) 

Polyethylene;  elastic  properties;  4.2  K 


Rayevskiy,  I.  I.,  Stepanov,  N.  V.,  Dubrovin,  A.  V.,  Ivanov,  0.  S.,  and  Alekseyevskiy,  N.  Y., 
"Superconductive  Properties  of  Niobium  Titanium  Zirconium-Hafnium  Alloys",  Physics  of 
Metals  and  Metallography,  31  (D,  71  76  (1971). 

Niobium  alloys,  superconductivity;  4.2  K 


Reed,  R.  P.,  Durcholz,  R.  L.,  and  Arvidson,  J.  M.,  "Low  Temperature  Tensile  Properties  of 
Polyethylene  Terephthalate  Multifiber  Yarn  and  Polystyrene  Foam",  Proceedings  of  the 
1970  Cryogenic  Engineering  Conference,  37  45  ( 1971 ). 


Polystyrene,  dacron  polyester;  ultimate  tensile  strength;  tensile  yield  strength;  elongation,  modulus  of  elasticity, 
4 K 


Reuter,  W.  G.,  "Fracture  Toughness  of  Ti-5AI  2.5Sn  ELI  Forgings  at  423  F",  Memoranda  and 
Material  R&D  Report,  Aerojet-General  Corporation  (January  26,  1971). 

Ti-5AI-2.5Sn,  fracture  toughness;  423  F 


Sastry,  D.  H.,  Prasad,  Y.V.R.K.,  and  Vasu,  K.  I.,  "An  Evaluation  of  Rate  Controlling  Obstacles 
for  Low  Temperature  Deformation  of  Zirconium",  Journal  of  Materials  Science,  6 (4)  332 
341  (April  1971), 

Zirconium;  creep  deformation;  87  K 


Sastry,  D.  H.,  Prasad,  Y.V.R.K.,  and  Vasu,  K.  I.,  "Low  Temperature  Deformation  Behaviour 
of  Polycrystalline  Copper",  Journal  of  Materials  Science,  6(12),  1433  1440  (December  1971). 

Copper;  creep  deformation;  87  K 
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715.  Shoemaker,  A.  K.,  and  Rolfe,  S.  T.,  "The  Static  and  Dynamic  Low  Temperature  Crack  Toughness 
Performance  of  Seven  Structural  Steels",  Engineering  Fracture  Mechanics,  2,  319-339  (1971). 

Engineeriny  steel;  A302;  A517,  HY-80;  HY-130;  maraging  (180);  maraging  (250) ; fracture  tougtiness;  320  F 


716.  Stepanov,  IM.  V.,  Bayevskiy,  I.  I.,  Dubrovin,  A.  V.,  Ivanov,  O.  S.,  and  Alekeseyevskiy,  N.  Y., 
"Superconductive  Properties  of  Niobium-Zirconium-Hafnium  Alloys",  Physics  of  Metals  and 
Metallography,  ^ (1),  63-70  (1971). 

Niobium  alloys,  superconductivity,  4.2  K 


717.  Sullivan,  T.  L.,  "Behavior  of  Ti  5AI-2.5Sn  ELI  Titanium  Alloy  Sheet  Parent  and  Weld  Metal  in 
the  Presence  of  Cracks  at  20  K",  NASA  Technical  Note  NASA  TN  D-6544  (November  1971). 

Ti  5AI-2.5Sn;  ultimate  tensile  strengOi;  tensile  yield  strength;  elongation;  reduction  in  area,  weld  properties; 
fracture  toughness;  20  K 

718.  Vishnevsky,  C.,  and  Steigerwald,  E.  A.,  "Plane  Strain  Fracture  Toughness  of  Some  Cryogenic 
Materials  at  Room  and  Subzero  Temperatures",  ASTM  Special  Technical  Publication  496 
(August  1971 ). 

7039  T61 , 2021  T81,  Ti-6AI  4V,  maraging  (200);  9Ni  steel;  fracture  toughness,  -321  F 


719.  Yee,  R.,  and  Zimmerman,  G.  O.,  "The  Magnetic  Susceptibility  and  Specific  Heat  of  Constantan 
at  Low  Tem()eratures",  The  Review  of  Scientific  Instruments,  ^ (2),  233-234  (February 
;y/t). 

Cu  43Ni  2.7Mn  (Constantan);  magnetic  susceptibility . specific  heat.  1 K 


1972 

720.  "Plastics  Properties  Chart,  UL  Temperature  Index  Chart,  Creep  Chart,  and  Dielectric  Loss 
Properties  Chart",  Modern  Plastics  Encyclopedia,  49  (10A),  142  201,237  255  (October  1972). 

Polymers,  mechanical  properties,  thermal  properties,  electrical  pioperties;  optical  properties;  resistance 
characteristics;  creep  properties,  temperature  index,  dielectric  properties 

721.  Abraham,  J.  M.,  ana  Deviot,  B.,  "Electrical  Resistivity  of  High  Purity  Niobium  at  20  K Under 
High  Vacuum",  Journal  of  the  Less  Common  Metals,  29  (3),  31 1 -320  (November  1972). 

Niobium,  electrical  resistivity,  20  K 


722.  Battams,  P.  A.,  "Superconducting  Materials  - A Survey",  Cryogenics,  H (5),  356  361  (October 
1972). 

Nb  Ti/Cu  composite,  Nb3$n,  Nb-50Ti,  V3Ga,  superconductivity,  4.2  K 
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723. 


724. 


725. 


1 

1 

i 726. 


727. 


728. 


729. 


730. 


Bauwens-Crowet,  C.,  Bauwens,  J-C.,  and  Homes,  G.,  "The  Temperature  Dependence  of  Yield 
of  Polycarbonate  in  Uniaxial  Compression  and  Tensile  Tests",  Journal  of  Materials  Science, 

7 (2),  176-183  (February  1972). 

Polycarbonate;  tensile  yield  strength;  compressive  yield  strength;  strain  rate;  -120  C 


Clark,  A.  F.,  and  Tryon,  P.  V.,  "Material  Variability  as  Measured  by  Low  Temperature  Electrical 
Resistivity",  Cryogenics,  12  (6),  451-461  (December  1972). 

2024;  5083;  5056;  5456;  Inconel  718;  A-286;  AISI  316;  electrical  resistivity;  4 K 


Collings,  E.  W.,  and  Brog,  K.  C.,  "Electronic  Effects  Due  to  Micro  Inhomogeneities  in  Meta- 
stable Solid  Solution  Alloys",  Interim  Report  AFOSR  TR-72-1 279,  Battelle  Memorial 
Institute,  Research  Grant  AFOSR-71  2084  (June  23,  1972). 

Ti  50V,  specific  heat;  1 .5  K 


Conrad,  H.,  Okasaki,  K.,  Gadgil,  V.,  et  al.,  "Dislocation  Structure  and  the  Strength  of  Titanium", 
Electron  Microscopy  and  Structure  of  Materials,  edited  by  G.  Thomas,  University  of  California 
Press,  Los  Angeles  (1972),  pp  438  469. 

Titanium,  dislocation  density;  stress-strain  data,  shear  modulus;  320  F 


Cordea,  J.  N,,  Frisby,  D,  L.,  and  Kampschaefer,  G,  E,,  "5%  Nickel:  New  Steel  Seeks  LNG 
Niche",  Cryogenics  and  Industrial  Gases,!  (6),  15-21  (November/December  1972). 

5Ni  steel;  9Ni  steel;  Invar;  AISI  304L,  5083,  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch 
tensile  strength;  weld  properties;  275  C 

Eagen,  C.  F,,  and  Legvold,  S.,  "Resistivity  and  Magnetoresistance  of  Dilute  Solutions  of  Cr 
in  Cu  Ni  Alloys",  Physical  Review  B,  6 (5),  1830  1838  (September  1 , 1972). 

Cu  6Ni,  Cu-13Ni;  Cu-23Ni;  chromium  addition;  electrical  resistivity;  magnetoresistance;  1 .3  K 


Engstrom,  W.  L.,  "Determination  of  Design  Allowable  Properties  - Fracture  of  2219  T87 
Aluminum  Alloy,"  Technical  Report  D180  14480-1,  NASA  CR  1 15388,  Boeing  Company, 
Contract  NAS  9 10364  (March  1972). 

2219-T87;  fracture  toughness;  fatigue  properties;  423  F 


Fickett,  F.  R.,  "A  Preliminary  Investigation  of  the  Behavior  of  High  Purity  Copper  In  High 
Magnetic  Fields",  Annual  Report,  INCRA  Project  No.  186,  NBS,  International  Copper  Research 
Association  (June  1972). 

Copper;  magnetoresistance,  4 K 
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731.  Fickett,  F.  R.,  'Properties  of  Nonsuperconducting  Technical  Solids  at  Low  Temperatures", 
Proceedings  of  The  Fourth  International  Conference  on  Magnet  Technology,  498-516 
(September  19  22,1972). 

Review;  copper  alloys;  aluminum  alloys;  stainless  steel,  mechanical  properties;  electrical  properties;  thermal 
properties;  4 K 

732.  Gasanov,  M.  A.,  Romashev,  L.  N.,  and  Fakidov,  I.  G.,  "Magnetic  Properties  of  Stainless  Steel 
KhlSNIOT",  The  Physics  of  Metals  and  Metallography,  33  (2),  190-191  (1972). 

KhlSN  10T;  Russian  alloys;  magnetization;  20  K 


733.  Gille,  J.  P.,  "Development  of  Advanced  Material  Composites  for  Use  as  Internal  Insulation 

for  LH2  Tanks  (Gas  Layer  Concept)",  Final  Report,  MCR-72-130,  NASA  CR-124222,  Martin 
Marietta  Corporation,  Contract  NAS  8 25974  (July  1972). 

Polymers;  ultimate  tensile  strength;  elongation;  -423  F 


734.  Gindin,  I.  A.,  Neklyudov,  I.  M.,  Bobonets,  I.  I.,  and  Kamyshanchenko,  N.  V.,  "Strain  Aging 
of  Pure  Aluminum  Quenched  From  the  Submelting  Temperature",  The  Physics  of  Metals  and 
Metallography,  33  (4),  108  113  (1972). 

Aluminum;  elongation;  deformation;  -196  C 


735.  Golovashkin,  A.  I.,  Levchenko,  I.  S.,  and  (Motulevich,  G.  P.,  "Characteristics  of  Superconduc 
tive  Niobium-Tin  Alloys  Prepared  by  Vacuum  Evaporation",  The  Physics  of  Metals  and 
Metallography,  33  (6),  84  92  (1972). 

Nb3Sn;  superconductivity;  20  K 

736.  Hall,  L.  R.,  and  Finger,  R.  W.,  "Stress  Corrosion  Cracking  and  Fatigue  Crack  Growth  Studies 
Pertinent  to  Spacecraft  and  Booster  Pressure  Vessels",  Technical  Report  D180  15018-1, 
NASA  CR-1 20823,  Boeing  Company,  Contract  NAS  3- 1 2003  (December  1972). 

2219-T87;  Ti-5AI-2.5Sn;  Ti-6AI-4V;  weld  properties;  fracture  toughness;  423  F 


737.  Hall,  L.  R.,  and  Bixler,  W.  D.,  "Subcritical  Crack  Growth  of  Selected  Aerospace  Pressure 
Vessel  Materials",  Technical  Report  D180  14855-1,  NASA  CR-120834,  Boeing  Company, 
Contract  NAS  3-12044  (December  1972). 

2219-T87;  Ti  5AI  2.5Sn,  Ti  6AI  4V;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in 
area;  fracture  toughness,  fatigue  properties,  423  F 
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738.  Hall,  L.  R.,  and  Finger,  R.  W.,  "Fracture  and  Crack  Growth  Resistance  Studies  of  304  Stainless 
Steel  Weldments  Relating  to  Retesting  of  Cryogenic  Vessels",  Final  Report,  NASA  CR  121025, 
Boeing  Company,  Contract  NAS  3-12003  (December  1972). 

AISI  304;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area;  weld  properties; 
fracture  mechanics;  fatigue  properties;  -423  F 

739.  Hartbower,  C.  E.,  Reuter,  W.  G.,  and  Morais,  C.  F.,  "Correlation  of  Stress-Wave-Emission 
Characteristics  With  Fracture  in  Aluminum  Alloys",  Technical  Report  NASA  CR-2072, 

Aerojet  Solid  Propulsion  Company,  Contract  NAS  8-21405  (July  1972). 

2014-T651 ; 2219  T87;  7075-T73,  weld  properties;  fracture  toughness;  -423  F 


740.  Herzog,  R.  G.,  Osgood,  S.  H.,  and  Eighty,  D.,  "Properties  of  Cryogenically-Worked  Materials", 
Cryogenics  and  Industrial  Gases,  2 (6),  25-29  (November/December  1972). 

PH14-8Mo;  ultimate  tensile  strength;  -423  F 


I 

) 


741. 


Hust,  J.  G.,  and  Sparks,  L.  L.,  "Thermal  Conductivity  of  Austenitic  Stainless  Steel,  SRM  735, 
From  5 to  280  K",  Summary  Report,  NBS-SP-260-35  (April  1972). 


16Cr  steel;  thermal  conductivity;  5 K 

742.  Karasik,  V.  R.,  Vasilev,  N.  G.,  and  Vysotskii,  V.  S.,  "Surface  Superconductivity  of  the  Ti-22 
at.%  Nb  Alloy",  Soviet  Physics  JETP,  35  (5),  945-949  (November  1972). 

Ti-22Nb;  superconductivity;  4.2  K 


743.  Koshelev,  P.  F.,  Mikheev,  V.  S.,  and  Nikitin,  P.  N.,  "The  Mechanical  Properties  of  Titanium 
Alloys  With  Vanadium  and  Columbium  at  Low  Temperatures",  Metal  Science  and  Heat 
Treatment,  14  (2),  111-113  (February  1972). 

Ti-2V;  Ti-6.5Cb;  Ti-5.5V;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area;  notch 

tensile  strength;  -269  C j 


744.  Leplae,  L.,  Mancini,  F.,  and  Umezawa,  H.,  "Magnetic  Properties  of  Vanadium  and  Niobium 
at  T=0K",  Physical  Review  B,  6 (1 1 ),  41 78  4184  (December  1,  1972). 

Vanadium;  niobium;  magnetic  properties;  0 K 


745.  Luhman,  T.  S.,  Taggart,  R.,  and  Polonis,  D.  H.,  "Magnetic  Hysteresis  Studies  of  Superconducting 
Beta  Stabilized  Titanium  Alloys",  Scripta  Metallurgica,  6(11),  1055-1060  (November  1972). 

Ti-20Cb;  Ti  28V;  superconductivity,  magnetic  hysteresis;  77  K 
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746.  Martin,  D.  L.,  "Effect  of  Heat  Treatment  on  the  Specific  Heat  of  Cu  40  at.%  Ni  Below  3 K", 
Physical  Review  B,  6 (4),  1 169-1 1 76  (August  1 5,  1972). 

Cu-40Ni;  specific  heat;  below  3 K 

747.  Mathur,  M.  P.,  Walker,  M.  S.,  Deis,  D.  W.,  and  Jones,  C.  K.,  "Anisotropy  of  the  Critical  Current 
Density  in  the  NbTi  Filaments  of  Round  Composite  Superconductors",  Journal  of  Applied 
Physics,  43  (9),  3831-3833  (September  1972). 

Nb-Ti/copper  composite;  magnetization;  4.2  K 


748.  McLean,  K.  0.,  Swenson,  C.  A.,  and  Case,  C.  R.,  "Thermal  Expansion  of  Copper,  Silver,  and 
Gold  Below  30  K",  Journal  of  Low  Temperature  Physics,  T_  (1/2),  77-98  (1972). 

Copper;  silver;  gold;  thermal  expansion;  4 K 

749.  Montano,  J.  W.,  "The  Effects  of  Solution  Treatment  on  the  Mechanical  Properties  of  Age- 
Hardened  A-286  Bar  Stock  at  Elevated  and  Cryogenic  Temperature",  NASA  Technical 
Memorandum  NASA  TM  X-64638  (February  16,  1972). 

A-286;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area;  notch  tensile  strength; 
impact  properties;  shear  ultimate  strength;  -423  F 

750.  Muraca,  R.  F.,  and  Whittick,  J.  S.,  "Materials  Data  Handbook,  Stainless  Steel  Alloy  A 286", 
NASA  CR-123776,  Western  Applied  Research  & Development  Inc.,  Contract  NAS  8 26644 
(June  1972). 

A. 286;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  -423  F 

751.  Periera,  F.N.D.D.,  and  Graham,  G.  M.,  "Thermal  Expansion  of  the  NBS  Standard  Copper 
Below  30  K",  AlP  Conference  Proceedings,  1971  Thermal  Expansion  Symposium,  65-71 
(1972). 

Copper;  thermal  expansion;  2 K 

752.  Periera,  F.N.D.D.,  and  Graham,  G.  M.,  "Low-Temperature  Thermal  Expansion  of  Copper; 
Search  for  Specimen-Dependent  Effects",  Journal  of  Low  Temperature  Physics,  9 (3/4), 
203  218  (November  1972). 

Copper;  thermal  expansion;  2.5  K 


753.  Reed,  R.  P.,  "Aluminum.  2.  A Review  of  Deformation  Properties  of  High  Purity  Aluminum 
and  Dilute  Aluminum  Alloys",  Cryogenics,  j_2  (4),  259-291  (August  1972). 

Review;  aluminum,  aluminum  alloys;  modulus  of  elasticity;  tensile  properties;  creep  properties;  fatigue  proper- 
ties, impact  properties;  cryogenic  temperatures 
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754.  Roberts,  B.  W.,  “Properties  of  Selected  Superconductive  Materials",  NBS  Technical  Note  724 
(June  1972). 

Compilation;  metals;  compounds;  superconductivity;  1 K 


755.  Sasaki,  Y.,  and  Matsumoto,  T.,  "Effect  of  Plastic  Deformation  on  Electrical  Resistance  of 

Niobium-Hydrogen  Alloys",  Japanese  Journal  of  Applied  Physics,  H (5),  617-622  (May  1972). 

Niobium  alloys;  plastic  deformation;  electrical  resistivity;  4.2  K 


756.  Scott,  T.  A.,  Giles,  M.  M.,  Berretz,  M.,  and  Holt,  S.  L..,  "Dislocation  Scattering  in  Teflon  at 
Low  Temperatures,  and  Optical  and  Magnetic  Properties  of  Some  Transition  Metal  Ions  in 
Lithium  Phosphate  Glass",  Annual  Report,  University  of  Wyoming,  Contract  N00014-71-C 
0388  and  Grant  NR  017-657  (July  1972). 

Teflon;  thermal  conductivity;  0.2  K 


757.  Sekula,  S.  T.,  and  Kernohan,  R.  H.,  "AC  Studies  of  a Superconducting  Nb  52Ti  Alloy", 
Summary  Report,  CONF-720513-4,  Union  Carbide  (April  1972). 

Nb-52Ti;  superconductivity;  4.2  K 


758.  Sullivan,  D.  B.,  "Precise  Electrical  Measurements  at  Low  Temperatures",  Paper  presented  at 

the  1972  Applied  Superconductivity  Conference,  IEEE,  Annapolis,  Maryland  (May  1-3,  1972). 

Electrical  properties;  superconductivity;  measurement  techniques;  cryogenic  temperatures 


759.  Tino,  Y.,  and  Aral,  J.,  "The  Mossbauer  Effect  and  the  Anomalous  Properties  of  the  Invar 
Alloys",  Journal  of  the  Physical  Society  of  Japan,  32  (4),  941  948  (April  1972). 

Invar;  magnetic  properties;  25  C 


760.  Tokunaga,  T.,  and  Tange,  H.,  "Temperature  Dependence  of  the  Forced  Magnetostriction  of 
Cu  Ni  Alloys",  Journal  of  the  Physical  Society  of  Japan,  33,  1481  (1972). 

Nickel;  Ni  lOCu;  Ni-20Cu,  Ni-35Cu;  Ni-45Cu;  magnetic  properties;  77  K 


761.  Wei,  R.  P.,  and  Ritter,  D.  L.,  "The  Influence  of  Temperature  on  Fatigue  Crack  Growth  in  a 
Mill  Annealed  Ti  6AI  4V  Alloy",  Journal  of  Materials,  7 (2),  240  250  (June  1972). 

Ti-6AI  4V;  fatigue  properties;  25  C 


762.  Westrup,  R.  W.,  "Establishment  of  Design  Criteria  for  Acceptable  Failure  Modes  and  Fail  Safe 
Considerations  for  the  Space  Shuttle  Structural  System",  Final  Report  SD72  SH  0046,  NASA 
CR  123725,  North  American,  Contract  NAS  8 27269  (June  1,  1972). 

2219;  Ti-6AI-4V;  fracture  toughness;  fatigue  properties.  320  F 
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763. 


764. 


765. 


766. 


767. 


768. 


769. 


770. 


White,  G.  K.,  and  Collins,  J.  G.,  "Thermal  Expansion  of  Copper,  Silver,  and  Gold  at  Low 
Temperatures",  Journal  of  Low  Temperature  Physics,  Z (1/2),  43-75  (1972). 

Copper;  silver;  gold;  thermal  expansion;  1.5  K 


White,  G.  K.,  "Expansion  Coefficient  of  Coppers  at  283  K and  Low  Temperatures",  AlP 
Conference  Proceedings,  1971  Thermal  Expansion  Symposium,  59-64  (1972). 

OFHC  copper;  electrolytic  tough  pitch  copper;  phosphorized  copper;  thermal  expansion;  specific  heat;  65  K 


Zaitlin,  M.  P.,  and  Anderson,  A.  C.,  "The  Thermal  Conductivity  of  Silver  and  Aluminum  in 
the  Temperature  Range  2-5  K",  Journal  of  Low  Temperature  Physics,  9 (5/6),  467-473 
(December  1972). 

Aluminum;  silver,  thermal  conductivity;  2 K 


1973 

"New  Copper  Provides  Long-Sought  Properties",  Machine  Design,  ^ (16),  18  (June  28,  1973). 
GlidCop  alloys;  Cu-O.IAI;  Cu-0.35AI;  Cu-0.6AI;  alumina  addition;  ultimate  tensile  strength 

"New  Ni-Fe-Co  Alloy  Combats  Stresses",  Metal  Progress,  104  (5),  7 (October  1973). 

Incoloy  903,  Inconel  718,  modulus  of  elasticity,  thermal  expansion;  320  F 


"Steels  and  Aluminums",  Cryogenics  and  Industrial  Gases,  8 (3),  98  1 16  (May-June  1973). 

AISI  301,  AISI  302,  AISI  303,  AISI  304.AISI  304L,  AISI  310;AISI  316;AISI  321;AISI  347,2014  16, 
2020  T6.  2219  T6,  5456  H343,  7075  T6;  5086-H34;  7002-T6;  7079  T6;  21 19  T6;  71 78  T6;  5052  H32, 
6061  T6,  2024  T 4,  7039  T6,  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch  tensile 
strength,  modulus  of  elasticity,  shear  modulus;  -320  F 


Acosta,  V.,  "Spontaneous  Magnetization  of  Aluminum  at  Cryogenic  Temperatures",  Journal 
of  Applied  Physics,  ^ (4),  1917-1918  (April  1973). 

6061  T6;  magnetic  properties;  78  K 

Amakawa,  K.,  and  Inuishi,  Y.,  "Electric  Breakdown  of  Oxidized  Polyethylene  in  Low 
Temperature  Region”,  Japanese  Journal  of  Applied  Physics,  12  (5),  755  756  (May  1973). 

Polyethylene,  electrical  properties;  -196  C 
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771 .  Belen'kii,  M.  V.,  and  Bilik,  S.  M.,  "Use  of  Polymer  Materials  for  Low  Temperature  Components 
Russian  Engineering  Journal,  (6),  40  42  (June  1973). 

Polytetrafluoroethylene;  nylon,  polymers;  plastic  deformation;  compressive  properties;  impact  properties,  90  C 


772.  Bixler,  W.  D.,  "Development  of  a Fracture  Control  Method  for  Composite  Tanks  With  Load 
Sharing  Liners",  Final  Report  D 180- 15296  1,  NASA  CR  120918,  Boeing  Company,  Contract 
NAS  3-14380  (March  1973). 

Inconel  X 750;  22 19-T62;  AISI  301 ; fracture  properties.  320  F 

773.  Bowen,  A.  W.,  and  Partridge,  P.  G.,  "Tensile  Stress  Strain  Curves  of  Cold  Worked  Polycrystalline 
Titanium",  Titanium  Science  and  Technology,  edited  by  R.  I.  Ja^-ee  and  H.  M.  Burte,  Plenum 
Press,  New  York  (1973),  pp  1021  1032. 

Titanium,  ultimate  tensile  strength;  proof  stress;  stress  strain  data.  196  C 


774.  Brown,  N.,  "A  Theory  for  Environmental  Craze  Yielding  of  Polymers  at  Low  Temperatures", 
Journal  of  Polymer  Science:  Polymer  Physics  Edition,  H,  2099  2111  (1973). 

Polycarbonate;  polymethylmethacrylate;  crazing;  ultimate  tensile  strength;  strain  rate,  tensile  yield  strength;  77  K 


775.  Bucci,  R.  J.,  Greene,  B N.,  and  Paris,  P,  C.,  "Fatigue  Crack  Propagation  and  Fracture  Tough- 
ness of  5Ni  and  9Ni  Steels  at  Cryogenic  Temperatures",  ASTM  STP  536,  206-228  (1973). 

5Ni:  9Ni,  fracture  toughness:  fatigue  properties,  320  F 

776.  Cappelletti,  R.  L..  and  Ishikawa,  M , "A  Method  of  Measuring  Thermal  Conductivity  in  the 
Presence  of  Extraneous  Heat  Currents  and  the  Thermal  Conductivity  of  Brass  at  Low 
Temperatures",  Review  of  Scientific  Instruments,  M (3),  301  304  (March  1973). 

Cu-40Zn  (brass):  thermal  conductivity.  0 3 K 


777.  Carapella,  S.  C.,  Jr.,  Bess,  M.  L.,  and  Leseur,  D.  R.,  "Factors  Influencing  Resistance  Ratio 
Values  of  High  Purity  Co|)per",  Journal  of  Metals,  25  (1),  30-33  (January  1973). 

Copper;  electrical  resistivity.  4 2 K 


778.  Carr,  W.  J.,  Jr.,  and  Colling,  D A.,  "Theory  of  Thermal  Expansion  in  Invar  Alloys",  Journal  of 
Applied  Physics,  ^ (2),  875-878  (February  1973). 
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Invar;  thermal  expansion 


779.  Cheeke,  J.D.N.,  Hebral.  B.,  and  Richard,  J„  "Kapitza  Resistance  Between  the  Transition 
Metals  Fe,  Co,  and  Ni  and  Superfluid  Helium",  Journal  of  Low  Temperature  Physics,  12 
(3/4),  359-373  (1973). 

Iron;  cobalt;  nickel;  thermal  conductivity:  1 < 


780.  Childs,  G.  E.,  Ericks,  L.  J.,  and  Powell,  R.  L.,  ‘Thermal  Conductivity  of  Solids  at  Room 

Temperature  and  Below.  A Review  and  Compilation  of  the  Literature",  NBS  Monograph  131 
(September  1973). 

Review;  compilation;  metals;  thermal  conductivity;  0.02  K 


781.  Cody,  G.  D.,  and  Cullen,  G.  W„  "Longitudinal  and  Transverse  Critical  Currents  of  Chemically 
Deposited  Nb3Sn  in  the  Temperature  Range  14.5-17.5  K",  Journal  of  Applied  Physics,  M 
(6),  2843-2846  (June  1973). 

Nb3Sn;  superconductivity;  14.5  K 

782.  Collins,  J.  G.,  and  White,  G,  K.,  "The  Thermal  Expansion  of  Aluminum  Below  35  K",  Journal 
of  Low  Temperature  Physics,  TO  (1 12),  69-77  (1973). 

Aluminum;  thermal  expansion;  specific  heat;  3 K 


783.  Conrad,  H.,  Doner,  M.,  and  DeMeester,  B.,  "Critical  Review.  Deformation  and  Fracture  , 
Titanium  Science  and  Technology,  edited  by  R.  I.  Jaffee  and  H.  M.  Burte,  Plenum  Press, 
New  York  (1973),  pp  969-1005. 

Titanium;  plastic  deformation;  fracture  properties;  -320  F 


784. 


Cullen,  G.  W.,  and  Cody,  G.  D., 
Current  of  Nb3Sn  for  t i 4.2  K 


Field,  Angular,  and  Defect  Dependence  of  the  Critical 
Journal  of  Applied  Physics,  M (6),  2838-2842  (June  1973). 


Nb3Sn;  superconductivity;  4.2  K 


785  Fevrier  A.,  and  Morize,  D„  "The  Effect  of  Magnetic  Field  on  the  Thermal  Conductivity  and 
Electrical  Resistivity  of  Different  Metals",  Cryogenics,  13  (10),  603-606  (October  1973). 

Copper;  thermal  conductivity;  electrical  resistivity;  4 K 


786.  Fischer,  S.,  and  Brown,  N.,  "Deformation  of  Polytetrafluoroethylene  from  78  to  298  K and 
the  Effects  of  Environmental  Crazing",  Journal  of  Applied  Physics,  44  (10),  4322-4327 
(October  1973). 

Polytetrafluoroethylene:  tensile  properties;  78  K 
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787.  Flewitt,  P.E.J.,  and  Palmer,  D.E.B.,  "Temperature  Dependence  of  Deformation  for  Beta 
Phase  Niobium  16-40%  Zirconium  Alloys”,  Journal  of  the  Less  Common  Metals,  32  (1), 
57-78  (July  1973). 

Nb-16Zr;  Nb-25Zr;  Nb-31Zr;  Nb-40Zr;  tensile  yield  strength;  shear  stress:  fracture  properties:  4.2  K 


788.  Forman,  R.  G.,  Glorioso,  S.  V.,  and  Medlock,  J.  D.,  "Flaw  Growth  Behavior  in  Thick  Welded 
Plates  of  2219-T87  Aluminum  at  Room  and  Cryogenic  Temperatures",  NASA  Technical 
Note  NASA-TN-D-7377  (August  1973). 

2219-T87;  weld  properties;  fracture  toughness;  -320  F 


789.  Fukuda,  S.,  Tachikawa,  K.,  and  Iwasa,  Y.,  "Current-Carrying  Capacities  of  Small  V3Ga  Pancakes’ 
Cryogenics,  13(3),  153-157  (March  1973). 

V3Ga;  superconductivity;  4.2  K 


790.  Furtado,  C.  S.,  "DC  Magnetization  Measurements  on  Pure  Niobium",  Cryogenics,  13  (11), 
639-643  (November  1973). 

Niobium;  magnetic  properties;  4.2  K 


Garde,  A.  M.,  Aigeltinger,  E.,  and  Reed-Hill,  R.  E.,  "Relationship  Between  Deformation 
Twinning  and  the  Stress-Strain  Behavior  of  Polycrystalline  Titanium  and  Zirconium  at  77  K' 
Metallurgical  Transactions,  4 (10),  2461-2468  (October  1973). 

Titanium;  zirconium;  deformation;  stress-strain  data;  77  K 


792.  Gasanov,  M.  A.,  and  Fakidov,  I.  G.,  "Thermal  Expansion,  Young's  Modulus  and  Magneto- 
striction of  a Stainless  Iron-Chromium-Nickel  Alloy  in  the  Range  80-280  K",  Physics  of 
Metals  and  Metallography,  35  (3),  200-202  (1973). 

18Cr  steel;  modulus  of  elasticity;  thermal  expansion;  magnetostriction;  80  K 


793.  Golovashkin,  A.  I.,  Levchenko,  I.  S.,  Leskova,  T.  A.,  et  al.,  "Optical  and  Electrical  Properties 
of  Cast,  Superconducting  Alloys  of  Vanadium-Gallium",  Physics  of  Metals  and  Metallography, 
36  (6),  56-65  (1973). 

V-27.5Ga;  V-30Ga;  electrical  resistivity;  superconductivity;  6.7  K 


794.  Gulyaev,  A.  P.,  Lebedev,  D.  V.,  and  Gadzhibalaev,  G.  A.,  "Strength  and  Ductility  of  Austenitic 
Cr-Ni  and  Cr  Mn  Steels  at  Low  Temperatures",  Metal  Science  and  Heat  Treatment,  15  (11  12), 
1051  1055  (November  December  1973). 

14Cr  steel;  17Cr  steel;  18Cr  steel,  ultimate  tensile  strength;  tensile  yield  strength;  notch  tensile  strength;  253  C 


1 


795.  Hayase,  M.,  Shiga,  M.,  and  Nakamura,  Y.,  "Spontaneous  Volume  Magnetostriction  and  Lattice 
Constant  of  Face-Centered  Cubic  Fe-Ni  and  Ni-Cu  Alloys",  Journal  of  the  Physical  Society  of 

Japan,  3A  (4),  925-931  (April  1973).  ■ 

Invar;  nickel;  Ni-19Cu;  Ni  40Cu;  Ni-60Cu;  thermal  expansion;  magnetostriction;  4.2  K 

796.  Henning,  C.  D.,  Nelson,  R.  L.,  Ward,  C.  0.,  et  al.,  "Progress  on  Aluminum-Clad  Nb3Sn", 

UCRL  74964  Preprint,  Conf-731 1 14-3,  Lawrence  Livermore  Laboratory,  University  of  ^ 

California,  Conference  Paper  (August  29,  1973). 

Nb3Sn;  magnetoresistivity,  4 2 K 

797.  Ho,  C.  Y.,  "Thermophysical  Properties  Information  Analysis  Center:  A Continuing  Systematic 
Program  on  Tables  of  Thermophysical  Properties  of  Materials",  Final  Report  AMMRC  CTR- 
73-5,  Purdue  University,  Contract  F33(615)-71-C-1 182  (January  1973). 

Data  source;  metals;  nonmetals;  thermal  conductivity;  thermal  diffusivity;  specific  heat;  cryogenic  temperatures 


798.  Houssin,  B.,  Fries,  J.  F.,  Cizeron,  G.,  and  Lacombe,  P.,  "Investigation  of  the  Electrical  Resis- 
tivity of  Niobium  and  the  Effect  of  Diffusion  of  Interstitial  Materials",  Journal  of  the  Less- 
Common  Metals,  32  (1),  137  153  (July  1973). 

Niobium;  electrical  resistivity;  77  K 


799.  Hugel,  J.,  "Low  Temperature  Resistivity  Measurements  on  Nickel  and  Cobalt  Alloys", 
Metal  Physics,  3 (9),  1723-1730  (September  1973). 

Nickel  alloys,  cobalt  alloys;  electrical  resistivity;  4 2 K 


800.  Hust,  J.  G.,  "Thermal  Conductivity  of  an  Epoxy-Fiberglass  Laminate",  NBS  Laboratory  Note 
2750564  73  1 (January  10,  1973). 

Fiberglass/epoxy  composite;  thermal  conductivity;  10  K 


801.  Hust,  J.  G.,  and  Clark,  A.  F.,  "A  Survey  of  Ccmpatibility  of  Materials  With  High  Pressure 
Oxygen  Service",  Cryogenics,  13  (6),  325-336  (June  1973). 

Copper  alloys;  nickel  alloys;  iion  alloys;  titanium  alloys;  polymers;  thermal  conductivity;  thermal  diffusivity, 
300  K 


802.  Irvine,  J.  D.,  and  Work,  R.  N,,  "Dielectric  Relaxation  in  Styrene-Related  Polymers  at  Low 
Temperatures",  Journal  of  Polymer  Science:  Polymer  Physics  Edition,  H (1),  175-191 
(January  1973). 

Polymers;  dielectric  properties;  1.6  K 
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803.  Kadykova,  G.  N.,  "Properties  and  Structure  of  Superconducting  Ti-Nb  Alloys",  Metal  Science 
and  Heat  Treatment,  15  (1/2),  118-122  (January/February  1973). 

Ti-65Nb;  Ti-50Nb;  Ti-35Nb;  superconductivity;  20  K 


804.  Kamskiy,  L.  Z.,  et  al.,  "Magnetoresistance  of  Copper,  Aluminum,  Indium,  Silver  at  4.2  K", 
Elektrotekhnika,  (6),  41-43  (1973). 

Copper;  aluminum;  indium;  silver;  magnetoresistance;  4.2  K 


805.  Kastelic,  J.  R.,  and  Baer,  E.,  "Crazing,  Yielding,  and  Fracture  in  Polycarbonate  and  Polyethylene 
Terephthalate  at  Low  Temperatures",  Journal  of  Macromolecular  Science  - Physics,^  (4) 
679-703(1973). 

Polycarbonate;  polyethylene  terephthalate;  tensile  properties,  4 2 K 


806.  Killpatrick,  D.  H.,  Corn,  D.  L.,  and  Stoeckinger,  G.  R.,  "Cryogenic  Fracture  Toughness  of  18 
Nickel  200-Grade  Maraging  Steel  Plate  and  Welds",  MDAC  Paper  WD  2030  presented  to  the 
American  Society  of  Metals  1973  Western  Conference,  Los  Angeles,  California  (March  12 
1973). 

Maraging  (200);  weld  properties;  fracture  toughness;  -320  F 


807.  Krainskii,  I.  S.,  and  Shchegolev,  1.  F.,  "Properties  of  Welded  Joints  Between  Wires  o1  Nb  Zr  Ti 
and  Nb  + Ti  Alloys",  Cryogenics,  13  (2),  106  107  (February  1973). 

Niobium  alloys;  superconductivity,  77  K 


808.  Kubin,  L.  P.,  and  Jouffrey,  B.,  "Plastic  Deformation  of  Single  Crystals  of  Niobium  at  Low 
Temperatures",  Philosophical  Magazine,  27  (6),  1369  1385  (June  1973). 

Niobium;  plastic  deformation;  tensile  yield  strength,  2 K 


809.  Larbalestier,  D.  C,,  and  King,  H.  W.,  "Austenitic  Stainless  Steels  at  Cryogenic  Temperatures. 
1-Structural  Stability  and  Magnetic  Properties",  Cryogenics,  j[3  (3),  160  168  (March  1973). 

AISI  304;  AISI  304L;  AISI  309,  AISI  310;  AISI  316;  Incoloy  800,  Kromarc  55,  magnetic  susceptibility, 
4.2  K 


810.  Lucks,  C.  F.,  "Armco  Iron:  New  Concept  and  Broad-Data  Base  Justify  Its  Use  as  a Thermal 
Conductivity  Reference  Material",  Journal  of  Testing  and  Evaluation,  JTEVA,  1 (5),  422- 
431  (September  1973). 

Armco  iron;  thermal  conductivity:  electrical  resistivity;  73  K 
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811.  Martin,  D.  L.,  Bradley,  L.L.T.,  Cazemier,  W.  J.,  and  Snowdon,  R.  L.,  "Automatic  Calorimetry 
in  the  3 30  K Range.  The  Specific  Heat  of  Copper",  Review  of  Scientific  Instruments,  M (6), 

675  684  (June  1973). 

Copper;  specific  heat;  3 K 

812.  Martin,  M.  C.,  "Elastoresistance  Effect  of  Niobium",  Journal  of  the  Less-Common  Metals,  3^ 

(2),  311  313  (August  1973). 

Niobium;  electrical  resistivity;  modulus  of  elasticity;  77  K 

813.  Masters,  J.  N.,  Bixler,  W.  D.,  and  Finger,  R.  W.,  "Fracture  Characteristics  of  Structural  Aerospace 
Alloys  Containing  Deep  Surface  Flaws",  Final  Report,  NASA  CR  134587,  Boeing  Aerospace 
Company,  Contract  NAS  3-14341  (December  1973). 

7075-T651;  2219-T87,  Ti-6AI-4V;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  reduction  in  area, 
modulus  of  elasticity,  Poisson's  ratio;  fracture  properties;  -320  F 

814.  Masumoto,  H.,  Sawaya,  S.,  and  Kikuchi,  M.,  "Antiferromagnetic  Elinvar-Type  Alloys  in  the 
Mn-Ni-Cr  System",  T ransactions  of  the  Japanese  Institute  of  Metals,  14  (2),  251  255  (1973). 

Mn-lONi  5Cr,  Mn-18Ni-5Cr;  Mn-24Ni-5Cr;  Mn-21Ni-10Cr;  Mn-20Ni-15Cr;  Mn-15Ni-20Cr;  Mn-20Ni-30Cr; 
modulus  of  elasticity;  -150  C 

815.  Masumoto,  H.,  Sawaya,  S.,  and  Kikuchi,  M.,  "Antiferromagnetic  Elinvar-Type  Alloys  in  the 
Mn-Cu-W  System",  T ransactions  of  the  Japanese  Institute  of  Metals,  14  (4),  245-250  ( 1 973). 

Mn-50Cu-2W;  Mn  55Cu-5W;  Mn-10Cu-1 1 W;  Mn-30Cu-10W;  IVIn-10Cu-20W;  Mn-40Cu-24W;  modulus  of 
elasticity;  150  C 

816.  McDaniel,  R.  H.,  Bradford,  E.  W.,  Lewis,  J.  H.,  and  Wattier,  J.  B.,  "NERVA  Irradiation  Program- 
GTR  23-Volume  l-Combined  Effects  of  Reactor  Radiation  and  Cryogenic  Temperature  on 
NERVA  Structural  Materials",  NASA  CR-137267,  General  Dynamics  Corporation,  Contract 

AF  29(601)  7077  (January  1973). 

Ti  6AI-4V;  maraging  steels;  7075-T73;  AISI  9310;  22-13-5;  Ti  5AI-2.5Sn;  Hastelloy  X;  6061  T61 ; 5086  H34. 
fracture  toughness;  tensile  yield  strength;  elongation;  -320  F 

817.  Mittag,  K.,  "Kapitza  Conductance  and  Thermal  Conductivity  of  Copper,  Niobium  and  Aluminum 
in  the  Range  From  1.3  to  2.1  K",  Cryogenics,  13  (2),  94  99  (February  1973). 

OFHC  copper;  niobium;  6061 ; thermal  conductivity,  1 3 K 
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818.  Morton,  N.,  James,  B.  W.,  Wostenholm,  G.  H.,  Sanderson,  R.  J.,  and  Black,  M.  A.,  "The 
Thermal  Conductivity  of  Niobium-Zirconium  Alloys  at  Low  Temperatures",  Cryogenics, 
13  (11),  665-670  (November  1973). 

Nb-25Zr;  thermal  conductivity;  17  K 


819.  Novikov,  N.  V.,  and  Znachkovskii,  0.  Ya.,  "Fracture  of  Aluminum  and  Titanium  Alloys  at 

Low  Temperatures",  Metal  Science  and  Heat  Treatment,  15  (5-6),  388-390  (May-June  1973). 

Russian  alloys;  aluminum  alloys;  AMG6;  D20-1;  titanium  alloys;  AT2;  VT5-1KT;  impact  properties;  fracture 
properties;  -269  C 


820.  Okazaki,  K.,  and  Conrad,  H.,  "Effects  of  Interstitial  Content  and  Grain  Size  on  the  Strength 
of  Titanium  at  Low  Temperature",  Acta  Metallurgica,  21,  1117-1129  (August  1973). 

Titanium;  ultimate  tensile  strength;  stress-strain  data;  4.2  K 


821.  Pearson,  T.  F.,  "Ferrous  Metals  for  Use  in  Cryogenic  Industries",  Cryogenics,  13  (7)  389- 
395  (July  1973). 

Review;  5Ni  steel;  9I\li  steel;  Invar;  18/8  stainless;  fracture  mechanics;  electrical  resistivity;  thermal  expansion; 
thermal  conductivity;  specific  heat;  -260  C 


822.  Petrenko,  N.  S.,  and  Kravchenko,  S.  F.,  "A  Dilatometer  for  Measuring  the  Expansion  of 

Constructional  Materials  in  the  Temperature  Range  2 to  77  K",  Cryogenics,  13  (12),  730-732 
(December  1973). 

Russian  alloys;  1 Kh18N  10T;  9Kh18;  SCH 18-36;  thermal  expansion;  2 K 


823.  Powell,  R.  W.,  and  Touloukian,  Y.  S.,  "Thermal  Conductivities  of  the  Elements",  Science, 
181  (4104),  999-1008  (September  1973). 

Compilation;  periodic  system;  thermal  conductivity;  0 K 


824.  Reed,  R.  P.,  Schramm,  R.  E.,  and  Clark,  A.  F.,  "Mechanical,  Thermal,  and  Electrical  Properties 
of  Selected  Polymers",  Cryogenics,  13  (2),  67-82  (Februray  1973). 

Compilation;  polymers;  elongation;  impact  properties;  modulus  of  elasticity;  thermal  expansion;  specific  heat; 
thermal  conductivity;  dielectric  properties;  77  K 


825.  Rode,  V.  Y.,  Blyushke,  A.,  Finkel'berg,  S.  A.,  and  Kraynov,  B.  N.,  "Magnetic  Moment  of 
Nickel-Copper  Alloys  in  Strong  Pulsating  Fields",  Physics  of  Metals  and  Metallography  35 
(1),  95-98  (1973).  ~ 

Nickel  alloys;  magnetic  susceptibility;  2 K 
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826.  Sarno,  D.  A.,  McCabe,  D.  E.,  Sr.,  and  Heberliny,  T.  G.,  "Fatigue  and  Fracture  Toughness 
Properties  of  9 Percent  Nickel  Steel  at  LNG  Temperatures",  Transactions  of  the  ASME, 

Series  B,  Journal  of  Engineering  for  Industry,  99  (4),  1069  1075  (November  1973). 

9Ni  steel;  fracture  toughness;  fatigue  protrerties,  320  f 

827.  Schlosser,  S.,  Johnson,  A.  A.,  and  Mukherjee,  K.,  "The  Low  Temperature  Tensile  Properties  of 
Surface  Oxidized  Polycrystalline  Molybdenum",  Materials  Science  and  Engineering,  H (2), 
81-86  (February  1973). 

Molybdenum;  ultimate  tensile  strength  tensile  yield  strength,  fracture  (rroperties;  320  F 

828.  Schramm,  R.  E.,  Clark,  A F.,  and  Reed,  R.  P.,  "A  Compilation  and  Evaluation  of  Mechanical, 
Thermal,  and  Electrical  Proper  ties  of  Selected  Polymers"  NBS  Monograph  132  (September 
1973). 

Compilation;  polymers;  elongation,  impact  properties:  modulus  of  elasticity:  thermal  expansion,  specific  heat, 
thermal  conductivity;  dielectric  (iroperties,  77  K 

829.  Scott,  T.  A.,  de  Bruin,  J,,  Giles,  M.  M.,  and  Terry,  C.,  "Low-Temperature  Thermal  Properties 
of  Nylon  and  Polyethylene",  Journal  of  Applied  Physics,  44  (3),  1212-1216  (March  1973). 

Nylon,  polyethylene;  theimal  conductivity;  0 2 K 


830.  Senoussi,  S.,  and  Campbell,  I.  A.,  "The  Low  Temperature  Electrical  Resistivity  of  Aluminum", 
Journal  of  Physics,  Series  F;  Metal  Physics,  3,  L19-L21  (January  1973). 
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9Ni  steel;  5083-0;  fracture  mechanics;  fracture  toughness;  fatigue  properties;  -162  C 


836.  Tharby,  R.  H.,  Heath,  D.  J.,  and  Flannery,  J.  W.,  "The  Welding  of  9 Percent  Nickel  Steel  - 
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844.  Zlobintsev,  G.  M.,  Kozinets,  V.  V.,  Merisov,  B.  A.,  Ogneva,  E.  M.,  and  Khotkevich,  V.  I., 
"Thermal  Conductivity  of  Some  Copper-Base  Alloys  at  Low  Temperatures",  Metal  Science 
and  Heat  Treatment,  15  (5-6),  391  392  (May-June  1973). 
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9Ni,  AISI  304,  fracture  toughness,  stress-strain  data;  ultimate  tensile  strength,  tensile  yield  strength;  4.2  K 
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3 (3),  217-221  (March  1974). 

Niobium;  electrical  resistivity;  superconductivity;  4.2  K 
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Ti-5AI-2.5Sn;  thermal  conductivity;  ultimate  tensile  strength;  tensile  yield  strength;  elongation;  notch 
tensile  strength;  4.2  K 
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Growth  Characteristics  of  Aerospace  Alloys",  NASA  CR-13461 1,  Technical  Report  D180 
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936.  Boening,  K.,  Mauer,  W.,  Pfaendner,  K.,  et  al.,  "Hall  Effect  Measurements  of  Frenkel  Defect 
Clustering  in  Aluminum  During  High  Dose  Reactor  Irradiation  at  4.6  K",  Radiation  Effects 
29  (3),  177  188  (1976). 

Aluminum;  magnetic  properties;  4 6 K 


Bogner,  G.,  "Research  at  Siemens  Laboratories  on  Large  Scale  Applications  of  Superconductivity", 
Cryogenics,  16  (5),  259  266  (May  1976). 

Nb3$n;  superconductivity;  4.2  K 


123 


/ 


938.  Bogner,  G.,  and  Penczynski,  P.,  "Problems  With  Conductors  and  Dielecfics  for  Cryogenic 
Cables",  Cryogenics,  16  (6),  355-361  (June  1976). 

Polyethylene,  polycarbonate:  polymers:  dielectric  properties:  ultimate  tensile  strength:  elongation.  4 2 K 


939.  Burck,  L,  H.,  and  Weertman,  J.,  "Fatigue  Crack  Propagation  in  Iron  and  Fe  Mo  Solid  Solution 
Alloys",  Metallurgical  Transactions  A,  7 (2),  257-264  (February  1976). 

Iron:  iron  alloys,  fatigue  properties:  mechanical  properties:  77  K 
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MECHANICAL  PROPERTIES 


ALUMINUM  AND  ALUMINUM  ALLOYS 

Aluminum  (unalloyed) -3,  31,  58,  173,  244,  331,  334,  360,  363,  374,  386,427,488,  605,  612,  734,  753,885,  918 

1099  Aluminum— 578 

1100  Aluminum-  81,86,  124,  158,  165,  173,  202,284,402,431,432,455,478,522 
Aluminum  Alloys  (general)— 3,  42,  68,  115,  117,  189,  297,  299,  376,  440,  515,  561 , 660,  731 , 753 
AK8  (Russian  allovl-515,  545,  580 

AMq3  (Russian  alloy)-515 
AMgbV  (Russian  alloy)-515 
A(Vtg6  (Russian  alloy)— 515,  819 
AMTs  (Russian  alloy)-515 
ATsMU  (Russian  alloy)— 51 5,  545 
DTD  687  (British  alloy)-552,  660 
D20  (Russian  alloy)-515,  580,  819 
D 74S  (British  alloy)— 552,  660 
GB  3033  (British  alloy)-552,  661 
Hiduminium  48  (British  alloy)— 552,  660 
H30  (British  a/(oy)-552 
HS30  (British  alloy)-525,  660 
L71  (British  alloy)— 552,  660 
Noral  50S  (British  alloy)-  66 
Noral  54S  (British  alloy)  66 
V92Ts  (Russian  alloy)-515,  545,  580 
V96  (Russian  alloy)— 515.  545 
VADl  (Russian  alloy )— 51 5,  545 

354- 510,  629 

355-  87,  124,  173,  246,  300.  342,  368 

356- 47,  284,  300,  359,  368,  423,  428,  429,  431, 510 
359-510 

A335-510 
A344-510,  629 
A356-510,  548,  578 
A357-510 
C355-510,  629 

2014  87,  92,99,  112,  124,  131,  142,  144,  145,  148,  161,  168,  169,  170,  173,  175,  193,  210,  211, 213,  217,  218, 

246,  252,  253,  267,  275,  279,  286,  300,  325,  332,  342,  357,  363,  368,  377,  380,  383,  402,  403,  404,  406  41 1 , 
423,  427,  431 , 432,  437,  470,  478,  494,  495,  506,  522,  527,  530,  538,  575,  578,  590,  591 , 593,  618,  680,  707, 
708,  739,  708,875,916 
2017-210,211,265,332 
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2020- 222,  267,  279,  284,  342,  357,  368,  404,  406,  411, 679,  768 

2021- 457,  468,  486,  522,  549,  598,  634,  667,  668,  718 

2024-8,  17,  27,  54,81,37,  89,  92,  108  124,  131,  148,  158,  162,  173,  196,  210,  211, 218,  246,  267,  284,  300,  325, 
332,  363,  383,  402,  403,  423,  431 , 435,  506,  522,  578,  707,  768 

2117-265 

2119-272,  342,  368,  411, 768 

2219-92,99,  110,  144,  145,  148.  161,  168,  169,  173,  175,  186,  191,213,222,227,252,267,268,272,279,300, 
303,  304,  317,  325,  332,  340,  342,  357,  359,  368,  370,  377,  383,  389,  402,  403,  404,  405,  406,  411,  412,  415, 

423,  428,  429,  431 , 432,  437,  442,  445,  449,  451 , 457,  468,  470,  477,  478,  486,  490,  495,  504,  522,  538,  543, 

578,  592,  618,  622,  629,  682,  685,  690,  708,  729,  736,  737,  739,  762,  768,  772,  788,  813,  840,  873,  875,  883, 

916 

2319-478 

2618-175,  578 

3003- 101,  165,  184,  202,  245,  402,  431, 432,  522,  629 

3004- 202 

3033-578,  660 

5050-202 

5052-81, 92,  101,  108,  112,  124,  131,  148,  165,170,  173,  180,  184,  192,  193,  202,  213,  218,  245,  253,  332,  342, 
368,411,478,495,506,  768 

5054-108 

5056-218,  265 

5083-68,94,  101,  118,  131,  148,  165,  184,  192,202,216,231,245,  278,  300,  332,  370,  402,  403,  423,  431,432, 
522,  578,  581, 629,  727,  835,  847,  851 , 866,  867,  869,  894,  895,  907,  908,  909,  920,  930,  933 

5085- 245,  427 

5086- 89,92,  101,  112,  131,  148,  165,  170,  180,  184,  192,  202,  210,  211, 216,  220,  231,  245,  332,  342,  368,411, 
423,  768,  816 

5154-92,  101,  131,  148,  165,  184,  192,  202,  245,  267,  332,  478 

5183-478,  851 , 866,  867,  895,  907 

5356-68,  245 

5454-101, 105,  165,216,  231, 245,  267,  402,  431,  522,  578,  629 

5456-92,  99,  101,  112,  131,  142,  148,  161, 165,  168,  169,  170,  184,  191,  192,  193,  202,  216,  231,  245,  267,  269, 
279,  300,  332,  333,  342,  357,  359,  368,  380,  402,  403,  404,  405,  406,  411, 423,  428,  429,  431 , 432,  457,  468, 
478,  486,  495,  503,  506,  522,  578,  629,  682,  768 

5556-478 

6061-73,  81, 87.  92,  99,  101,  104,  108,  124,  131,  142,  144,  145,  148,  158,  161,  165,  166,  168,  169,  173,  180,  202, 


210, 

211, 

218,  245, 

246, 

253, 

256,  267,  284,  300,  325,  332,  359,  383,  402,  403,  405,  423,  428,  429,  431 , 432, 

478, 

503, 

506.  522, 

525, 

548, 

578,  597,  629,  682,  707,  768,  816 

6063- 

-202, 

503 

7001 

-460 

7002- 

-293, 

310, 

342,  368, 

387, 

768 

7005- 

-293, 

402, 

407,  431, 

432, 

463, 

522,  578,  682,  701 

7006- 

-293, 

310, 

387 

7007 

457, 

468, 

486,  522, 

549. 

634, 

667,  668,  701 

7039- 

-257, 

293, 

300,  303, 

304 

310. 

311  357,  367,  370,  387,  403,  406,  407,  431 , 432,  463,  473,  484,  495,  504,  511, 

522, 

581, 

607  613. 

682. 

701, 

718,  768 
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7075  8,  17,  54,  87,89  92,  99,  108,  124,  131,  148,  158,  161,  173,  200,  210,  211, 235,  246,  267,  279,  284,  332,  333, 
342,  357,  368,  380,  402,  403,  404,  406,  427,  429,  431 , 460,  461 , 478,  506,  522,  548,  597,  669,  701 , 707,  739, 
768,  813,  816 

7079-70,  92,  99,  124,  131,  136,  137,  148,  161,  170,  173,  196,  200,  213,  267,  300,  332,  342,  359,  368,  370,  402, 
403,  423,  428,  429,  431 , 461 , 478,  493,  506,  522,  701 , 707,  768 

7106-293,  300,  367,  402,  403,  406,  407,  418,  431, 432,  437,  445,  457,  463,  468,  475,  486,  682 
7178-92,  99,  131,  148,  173,  267,  332,  342,  367,  368,  380,  402,  423,  431, 478,  506,  522,  768 
7275-92,  148 


BERYLLIUM  AND  BERYLLIUM  ALLOYS 

Beryllium  (unalloyed)-640 
Beryllium  Alloys  (general)-440 


CADMIUM 

Cadmium  (unalloyed)-76 


CERAMIC  MATERIALS 

Graphite— 241 
Phenolic  Materials- 492 


CHROMIUM  AND  CHROMIUM  ALLOYS 

Chromium  Alloys  (generall— 376 


COBALT  AND  COBALT  ALLOYS 
Elgiloy-284 

L-605-131,  180,  181, 241,  251, 325,  332,  427,892 
Stellite  3-284 
Stellite  25-284 


COMPOSITES 

Composites-407,  437,  463,  733,  906 

Fiberglass  Composites— 362,  425,  477,  485,  602,  929,  960 

Resin  Matrix  Composites— 295,  302,  602 


COPPER  AND  COPPER  ALLOYS 

Copper  (unalloyed)-3,  5,  7,  16,  25,  31, 54,  55,  58,  76,  77,80,81,86,  88,  108,  1 1 1 , 1 1 7,  1 24,  1 38,  162,  184,  218, 

219,  284,  363,  374,  386,  396,  488,  516,  535,  536,  605,  615,  616,  688,  691, 704,  714,  871, 875, 
885,  891,916 
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Copper  Alloys  (general)-3,  115,  117,  700,  704,  731,  943 

Cu  Alumina  (GlkICop  alloys)— 766 

Cu-1  85Be  (beryllium  copperMBerylco  25)-34,  224 

Cu-1 .9Be  (beryllium  bronzeMberyllium  copperMBerylco  25'— 77,  87,  88,  108,  158,  204,  205,  218,  246,  284,  427,  435 

Cu-2Be  (beryllium  copper)— 73 

Cu-2Co-0.5Be  (Berylco  10)-87,  108,  246 

Cu-2Ni-0.5Si  (copper  nickel  silicon)— 536 

Cu-2  6Alumina  (GlidCop  alloy)— 567 

Cu-2.6Co-0.51Be  (beryllium-cobalt  bronze)-77 

Cu-3Si  (silicon  bronze) (copper  silicon)— 77,  88,  184,  536 

Cu-3Si-2.8Zn-1.5Fe  (iron-silicon  bronze)— 87,  246 

Cu-4Sn  (phosphor  bronze)-88 

Cu-4Zn-80 

Cu-5Ni-568 

Cu-5Ni-1  Fe  (Kunifer  5)-1 1 1 , 337,  338 
Cu-5Sn  (phosphor  bronze)— 536 
Cu-5Zn  (Gliding  metal)-535 
Cu-6.6AI-2Fe  (aluminum  bronze)-536 
Cu-7.3AI-1Zn  (aluminum  bronze)-88 
Cu-8Sn  (phosphor  bronze)-77 
Cu-9Zn-9,  80 

Cu-10AI-5Ni-3Fe  (nickel-aluminum  bronze)— 536 

Cu  10NI  (Cupro-nickel)(Kunifer  10)-1 1 1 , 220,  337,  338,  535 

Cu-IONi-IFe  (copper  nickel  10)-536 

Cu-IOZn  (commercial  bronze)(brass)-535,  536 

Cu-12Mn-7AI-2Ni-2Fe  (Superston  40)-111, 337 

Cu-15Zn  (red  brass)-535,  536 

Cu-17Zn-80 

Cu-18.7Zn-1 7Ni  (nickel  silver)-88 

Cu  20Ni  {Cupro-nickel)-88,  111,  220,  337,  338,  535 

Cu  20Ni  IFe  (Kunifer  20)-111, 337,  338 

Cu-20Zn  (low  brass) —535 

Cu-22Ni-481 

Cu-23Zn-80 

Cu  28NI-568 

Cu-28Zn-1Sn  (Admiralty  brass) -535,  536 

Cu-30Ni  (Cupro-nickel)(copper  nickel  30)— 16,  111,  220,  337,  338,  535,  536 
Cu  30Zn  (brass)(Cartridge  brass)-80,  88,  158,  204,  205,  284,  535 
Cu-35Ni-481 

Cu-352n  (brassMyellow  brass)  — 159,  535 
Cu-38Zn  ISn  (brass)-88 
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Copper  Alloys  (Continued) 


Cu-39Zn  ISn  (Naval  brass)— 535,  536 

Cu  40Zn  (brassMMuntz  metal)-88.  111,  184,  218,  337,  535 

Cu-40Zn-14Pb  (leaded  brass)-81 

Cu-45Ni  (Cupro  nickel)(Cupron)-88,  535 

Cu  49ZP-64 

Cu-70Ni-16 

GOLD  AND  GOLD  ALLOYS 

Gold  (unalloyed)- 58 


IRON  AND  IRON  ALLOYS 

Iron  (unall'  yed)— 58,  62,  471 , 666,  939 
Iron  Alloys  (general)-9,  22,  939 
Armco  Iron  — 12,  409,  487,  605,  878 
Fe0  49C-22 

Fe-3Si  (silicon  iron)— 330,  528,  550 
Fe-9Ni  IMn-863 
Fe  12Nr0  25T.-863 
Fe  36NI-366 
Fe  39.5NI  1.5TI-514 

Invar-184,  284,  319,  366,  727,  821 , 842,  910 
N 155-87,  246 

LEAD 

Lead  (unalloyed)— 3,  31 


MAGNESIUM  AND  MAGNESIUM  ALLOYS 

Magnesium  (unalloyed)-58,  173 
Magnesium  Alloys  (general)-3,  8,  17,  115 
AZ31B-122,  124,  594 
AZ91C-47 

HK31A-122,  124,  468,  594 
HM21A-122,  124,  594 
HM31A-124,  594 
LA-91 -342,  368,  411 
LA  141-342,  368,  411, 468 
LAZ  933-468 
ZE10A-122,  124,  594 
ZK60A-70,  124 
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MANGANESE  AND  MANGANESE  ALLOYS 


MtvIOCu  11W-815 
Mn-10Cu-20W-815 
MnlONi-5Cr-814 
Mn-15Ni-20Cr-814 
Mn-18Ni  5Cr-814 
Mn  20Ni-15Cr-814 
Mn-20Ni  30Cr-814 
Mn  21Ni  IOCr-814 
Mn-24Ni-5Cr-814 
Mn-30Cu-10W-815 
Mn-40Cu  24W-815 
Mn-50Cu  2W-815 
Mn-55Cu-5W— 81 5 


J 
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MOLYBDENUM  AND  MOLYBDENUM  ALLOYS 

Molybdenum  (unalloyed)— 64,  173,  605,  827,  837 


NICKEL  AND  NICKEL  ALLOYS 

Nickel  (unalloyed)-3,  16,  54,  64,  81,  132,  204,  205,  284,  363,  481, 596,  605,  875,  916,  945 

Nickel  Alloys  (general)-l  1 5,  117,  299,  376,440,  596,  669 

Alloy  713C-359,  428 

D 979-109,  548 

EI602  (Russian  alloy)-892 

EP199  (Russian  alloy)-892 

EP677  (Russain  alloy)-892 

Hastelloy  B-131,  180,  181,  213,  303,  304,  332,  538,  892 

Hastelloy  C-359,  406,  428,  429,  507,  548,  892 

Hastelloy  X-87,  246,  251, 638,  816 

Inco  72  (702)  -87,  246 

Incoloy  901-109 

Incoloy  903  -767 

Inconel  600-81, 86,  109,  111,  158,  204,  205,  284,423,  445,  504,  892,927 

Inconel  718-248,  251,  303,  304,  318,  322,  328,  369,  372,  406,  424,  445,  462,  470,  474,  477,  495,  506,  507,  520, 
527,  538,  582,  585,  588,  590,  597,  638,  664,  670,  767,  857,  875,  916,  928 

Inconel  X 750-87,  90,  109,  124,  144,  145,  146,  156,  158,  181,204,205,213,  221,246,  284,325,  332,  342,359, 
368,  411, 423,  428,  429,  462,  495,  506,  548,  597,  772,  892,  927,  928 

KhN63M9B2Yu  (Russian  alloy)-892 
M 252-109 

Mtnel  400-42,54,81,86,  89,  111,  124,  184 
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Nickel  Alloys  (Continued! 


Monel  Alloy  K-500-81,  127,  131,  144,  145,  158,  180,  181, 204,  205,  213,  226,  284,  332,  342,  368,  409,  423,  435, 
495,  597 

Ni-2Be-0.5Ti  (Berylco  nickel  4401-476,  480 

Ni-7Cu-481 

Ni-10Cu-568 

Ni-12Cu-481 

Ni-35Cu-568 

Ni-36Cu-481 

Ni  Span  C-158,  204,  205,  284 
Nimonic  80A-109 
Nimonic  90-109 
R 235-197,  251, 507 

Rene  41-73,  109,  124,  147,  181,  189,  213,  241, 249,  251, 252,  284,  303,  304,  325,  332,  342,  368,  423,  427,  495, 
507,  538,  892 

TD  Nickel-388,  507 
Udimet  500-109 

Waspalloy-87,  246,  274,  342,  368,  416,  892 


NIOBIUM  ANDNIOBIUM  ALLOYS  AND  COMPOUNDS 

Niobium  (unalloyed)-IOO,  132,  386,  466,  505,  808,  812,  837 
Niobium  Alloys  (general)- 755 
Nb  16Zr-787 
Nb  25Zr-320,  787 

Nb-31Zr-787 

Nb-40Zr-787 

Nb3Sn-879 


POLYMERS 

Polymers  (general)-30,  425,  617,  676,  720,  733,  771, 824  828,  862,884,  938,  942,  946,  954 

Dacron  Polyster— 71 1 

Nylon-81,  164,  218,  229,  398,  771 

Plexiglas— 502 

Polycarbonate— 723,  774,  805,  938 

Polychlorotrifluoroethylene  ( Kel  F)  — 36,  81 , 87,  125,  164,  172,  1 90,  218,  229,  230,  246,  289,  398,  413,  620 

Polyethylene-36,  81,  164,  244,  709,  838,  862,  884,  924,  938,  960 

Polyethylene  terephthalate  (Mylar)-81, 164,  218,  229,  362,  379,  398,  413,  555,  805,  960 

Polymethylmethacrylate— 233,  610,  648,  676,  677,  774,  862,  924 

Polypropylene-942 

Polystyrene-233,  244,  413,  502,  711, 862,  903,  924 

Polytetrafluoroethylene  (Teflon)-36,  67,  81, 86,  87,  125,  135,  162,  164,  172,  215,  218,  229,  230,  233,  246,  289, 

329,  359,  362,  398,  413,  435,  620,  771,  786,  884,  924,  960 
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Polymers  (Continued) 


Polyvinylchloride— 81 , 218,  398,  954,  960 


SILVER  AND  SILVER  ALLOYS 

Silver  (unalloyed)— 31,  58,  219,  244,  363 


STEEL-ENGINEERING 

Engineering  Steel  (general)— 3,  9,  19,  1 15,  596,  919,  948 

A302-715 

A517-715 

AISI  1010-218,  605,  705 
AISI  1018-51 

AISI  1020-46,  64,  86,  89,  218,  435,  605 

AISI  1022-10 

AISI  1030-605 

AISI  1040-86 

AISI  1075-204,  205,  284 

AISI  1095-18 

AISI  2317-10 

AISI  2330-17 

AISI  30347-246 

AISI  3335-64,  132 

AISI  4130-669 

AISI  4340-8,  17,64,70,  124,  132,  136,  137,  147,  173,214,284,427,503,  597,638,685,883 

AISI  51410-246 

AISI  51440-246 

AISI  52100-162 

AISI  8630-8,  17 

AISI  9310-87,  124,  246,  462,  816 
D6AC-271, 283,  685 
HY-80-715 
HY-130-715 

Maraging  Steel  (unspecified  grade)-255,  342,  368,  376,  411, 460,  495,  596,  605,  680,  816 
Maraging  (180)-715 

Maraging  (200)-281,  571, 638,  718,  806 

Maraging  (250)-242,  303,  304,  359,  428,  462,  509,  715 

Maraging  (300)-283,  509,  685,  875,  916 

Maraging  (350)-247 

Vasco  Jet  1000-123,  249,284 

2Ni  Steel-692,919 

3Ni  Steel-1 11,  184,  290,  298,  319,692,  919,  930 
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Engineering  Steel  (Continued) 


5Ni  Steel-727,  775,  821, 882,  901, 914,  915,  919,  926,  930 
6Ni  Steel-926,  930 

9Ni  Steel-72,  102,  111,  134,  158,  184,  204,  205,  284,  290,  298,  319,  347,  348,  417,  433,  435,  493,  524,  542.  570. 

609,  638,  704,  718,  727,  775,  821, 826,  835,  836,  860,  863,  865,  886,  901, 905,  915,  919,  922,  925,  926, 
930,  953,  957 

12Ni  Steel -863,  905 
12Cr  Steel-10 
25Mn  5Cr-1N,  Steel-963 
300M-70,  89 

STEEL-STAINLESS 

Stainless  Steel  (general)  — 1 15,  299,  376,  596,  731, 948 

A 286-87,  107,  127,  131,  144,  145,  146,  217,  225,  246,  274,  284,  325,  332,  342,  359,  368,  406,  416,  423,  428,  429, 
472,  506,  548,  582,  583,  597,  638,  706,  749.  750,  91 1 

AISI  202-160,  208,  332,  342,  368,  411 

AISI  301-2,  18,  119,  123,  124,  128,  129,  130,  131,  139,  142,  143,  144,  145,  156,  161,  162,  173,  179,  180,  184,  189, 
193,  201, 204,  205,  213,  234,  249,  251, 252,  258,  260.  261 , 266,  284,  291, 292,  305,  322,  323,  325,  332, 
351 , 419,  427,  477,  494,  495,  527,  538,  590,  628,  640,  667,  668,  768,  772 

AISI  302-2,  18,  51, 73,  108,  116,  124,  128,  130,  131,  152,  153,  158,  180,  195,  218,  239,  284,  290,  332,  354,  363, 
628, 768 

AISI  303-18,  42,  46,  51, 89,  124,  152,  153,  184,  284,  354,  584,  607,  768 

AISI  304-2,  18,  46,81,86,89,  108,  116.  128,  130,  131,  144,  145,  152,  153,  158,  160,  171,  180,  184,  208,  218,  231, 
239,  290,  303,  304,  363,  423,  429,  433,  435,  438,  538,  553,  558,  605,  628,  738,  768,  856,  863,  864,  865 
905,911,959 

AISI  304L-116,  124,  143,  161,  171,  193,  207,  208,  213,  253,  266,  284,  290,  332,  495,  554,  558,  627,  628,  640,  727, 
768,875,916 

AISI  305-184,  628 
AISI  308-2,  108,  171 
AISI  308L-171, 438 
AISI  309-184,  628 

AISI  310-2,  18,42,51,54,  116,  124,  128,  130,  131,  142,  144,  145,  156,  171,  179,  180,  184,  193,  194,  198,201, 

208,  213,  218.  251, 252,  253,  258.  260,  261, 266,  284,  290,  303,  304,  305,  323,  325,  332,  354,  363,  412, 
423,  427,  433,  438,  494,  495,  537,  538,  553,  558,  582,  586,  597,  627,  628,  638,  640,  768,  875,  911,916 

AISI  316-2,  18,  42,  73,  124,  152,  153,  184,  201,  218,  239,  258,  290,  363,  433,  553,  558,  605,  628,  768,  91 1 
AISI  317-2,  18 
AISI  318-2 

AISI  321-2,  18,  90,  162,  184,  239,  284,  290,  357,  359,  377,  406,  428,  429,  433,  445,  597,  768 
AISI  330-628 

AISI  347-2,  18,81,86,  108,  116,  152,  153,  158,  184,  201, 204,  205,  220,  258,  284,  290,  359,  423,  428,  429,  462, 
548,  558,  582,  580,  597,  638,  768 

AISI  410-18,  239,  284,  429,  548 
AISI  416-51,  284 
AISI  430-18 

AISI  440C-46,  89,  284,  423.  462 
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Stainless  Steel  (Continued) 


AM  350-70,  124,  146,  160,  208,  359,  423,  428,  429 

AM  355-131,  146,  147,  180,  193,  305,  332,474,495 

Carpenter  20Cb— 342,  368,  41 1 

EI696  (Russian  alloy)-892 

EI787  (Russian  allov)-892 

EP33  (Russian  alloy) -892 

EP105  (Russian  alloy)-892 

KhlSNIOT  (Russian  alloy)-531 

Kromarc  58-519 

PH14-8MO-740 

Unitemp  212-274 

0Kh15N25MT2  (Russian  alloy)-892 
000Kh20N16AG6  (Russian  alloy)-842 
0Kh18N10T  (Russian  alloy)-842 
03Kh18N20  (Russian  alloy)-951 
14Cr  Steel-794 
15-7PH-123,  147,  285 
17-4PH-284,  638 

17-7PH-70,  73,  89,  123,  124,  158,  204,  205,  284,  423,  427,  429 

17Cr  Steel -160,  208,  794 

18Cr  Steel-635,  792,  794,  951 

18/8  Stainless-8,  9,  17,  18,  111,  609,  704,  821 

21- 6-9  Steel-288,587,638 

22- 13-5  Steel-816 

TANTALUM  AND  TANTALUM  ALLOYS 

Tantalum  (unalloyed)-64 
Ta-10W-409 

TIN 

Tin  (unalloyed)-3 

TITANIUM  AND  TITANIUM  ALLOYS 

Titanium  (unalloyed)-3,  17,  127,  173,  189,  218,  332,  363,  386,  409,  435,  508,  521 , 651 , 654,  673,  726,  773,  783, 
791,820,837,859,872 

Ti-55A-152,  153,313,423 
Ti-75A-146,  427 

Titanium  alloys  (general)  — 1 15,  189,  299,  376,  561 , 661 , 662,  955 
AT2  (Russian  alloy)-819 
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Titanium  Alloys  (Continued) 

DTD  5093  (British  alloy)-552 
DTD  5133  (British  alloy)-552 
318A  (British  alloy)-552 
OT4  (Russian  alloy)-523 
Ti-2Cr-2Fe  2(Vlo  89 
Ti-2V-743 

Ti-2.7Cr1.3Fe-  84,  654 
Ti-4AI-365,  603 

TI-4AI  3IVIo  1V-96,  123,  185,  210,  211, 285,  600 
Ti-4AI-4IVIn-654 

Ti-5AI1.5Fe-1.4Cr1.2Mo- 210,  211 

Ti  5AI-2.5Sn-70,  73,  75,  84,  87,  89,  91, 95,  96,  124,  131,  141,  142,  144,  145,  149,  156,  161,  162,  176,  180,  187, 
193,  213,  218,  240,  246,  250,  251,  253,  256,  264,  269,  275,  279,  280,  284,  296,  303,  304,  305,  325, 

332,  333,  342,  343,  357,  359,  363,  365,  368,  377,  404,  411,  412,  423,  426,  427,  428,  429,  441, 445, 

449,  451,  462,  470,  490,  495,  503,  504,  506,  527,  538,  541, 543,  548,  562,  563,  569,  572,  582,  590, 

592,  597,  600,  601, 603,  618,  622,  638,  651, 673,  685,  689,  690,  708,  712,  717,  736,  737,  816,  846, 

874,  875,  876,  883,  889,  916 

Ti-5AI-2.5Sn-2.5V  ICb  ITa-408,  464 
Ti-5AI  2 5V-426 
Ti-5AI  2,5V  ICb  ITa  -408 
Ti-5AI  2.75Cr-1.25Fe-91, 285 
Ti-5AI  5SI1-426 

Ti-5AI-5Zr-5Sn-91,  151, 213,  332,  495,  563 
Ti-5.5AI-5Sn  2,6Cb-2.5Ta-1V-408 
TI-5.5V-743 
T1-6AI  3V-426 

T1-6AI  3V-1Cb-1Ta  0.5MO  -408 

Ti  6AI  4V-70,  75,  84,  85,  87,  91,  95,  96,  123,  124,  131,  136,  137,  141,  144,  145,  158,  161,  173,  184  185,  187,  204, 

205,  209,  210,  211, 212,  213,  218,  246,  252,  271, 274,  275,  279,  283,  284,  285,  296,  303,  304,  305,  312, 

325,  332,  342,  343,  357,  359,  361,  368,  377,  404,  411,  423,  427,428,  447,  470,  477,  493,  503,  504,  506, 

538,  563,  569,  575,  576,  600,  618,  630,  638,  639,  651, 654,  669,  673,  685,  718,  736,  737,  761,  762,  813, 

816,  841, 873,  875,  876,  883,  899,  916,  944 

Ti  6AI  4V  ICb  1 Ta  408 

Ti  6AI  4Zi  IV- 84,  91,  131,  332,  365,  563 

Ti  6AI  4Zr  2V-365 

Ti  6AI  6V  2Sn-214,  296,  390,  460,  503,  600 

Ti  6 5AI  296 

Ti  6 5AI  3Mo  1V-210,  21 1 

Ti  6.5Cb-743 

Ti-7AI  3MO-210,  211 

Ti  7AI  4MO-210,  211 

Ti  7AI  4V-210,  21 1 
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Titanium  Alloy!  (Continued) 


Ti-7Mn-95,  173 

TI-7.5AI-2.5V-426 

TI-8AI-296 

TI-8AI-1MO-1V-146,  151. 213,  261, 285,  296,  312,  332,  423,  445,  503,  563,  600,  673 
Ti-8AI-2Cb-lTa-91, 305,  332,  563 
Ti-8IVln-89,  96,  124,654 
Ti-1 1 ,5Mo-6Zr4.5Sn-889 

Ti-13V-11Cr  3AI-84.  91,96,  123,  141,  147,  161.  185  210,211,251,279,  284,296,  332,342,  357,368,377,404, 
411, 427,  563.  600  606 

Ti-16V-2.5AI-96,  123,  185,  210,  21 1 
VT5-1  (Russian  a(lov)-523,  819 
VT6S  (Russian  alloy)-523 
VT14  (Russian  alloy)— 523 


VANADIUM  AND  VANADIUM  COMPOUNDS 

Vanadium  (unalloyed)-607 
V3Ga-902 


ZINC  AND  ZINC  ALLOYS 

Zinc  (unalloyed)— 3,  58,  885 


ZIRCONIUM  AND  ZIRCONIUM  ALLOYS 


Zirconium  (unalloyed)-64,  132,  386,  680,  713,  791 
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THERMAL  PROPERTIES 

ALUMINUM  AND  ALUMINUM  ALLOYS 

Aluminum  (unalloyed)-4,  20,  28,  39,  40,  78,  81, 93,  103,  106,  150,  155,  163,  164,  182,  232,  244,  245,  259,  277, 
352,  363,  371, 373,  391, 395,  626,  643,  675,  765,  782,917 

1100  Aluminum-86,  98,  120,  164,  188 

Aluminum  Aiioys  (generai)-448,  731, 917 

AI-2Mg-373 

AI-4Mg-373 

AI-6Mg-373 

AI-8Mg-373 

AMOMg-373 

355- 87,  246 

356- 188 

2014-87,  246,  277,  363,  421 
2017-T4-456 

2020- 188,  277 

2021- 668 

2024-69,  87,  89,  98,  120,  164,  188,  203,  246,  363,  399,  435,  564,  697 

2219-277,  421, 445 

3003-98,  120,  164,  184 

5052-98,  120,  164,  184 

5083-120,  184,  564 

5086-120,  184 

5154-98,  120,  164,  184 

5456-184,  277,  421 

6061-87,  188,  203,  246,  456,  643,  817 

6063-98,  120,  164 

7007-668 

7039-584,  577,  693 

7075-69,  87,  89,  188,  246,  277,  399,  564,  669 

7079-277 

7106  445 

BERYLLIUM  AND  BERYLLIUM  ALLOYS 
Beryllium  (unalloyed)-93,  182,  183,  352 


BISMUTH 


Bismuth  (unalloyed)-93 


147 


I 


•• 


r 


CADMIUM 

Cadmium  (unalloyed)— 20,  93,  353 

CERAMIC  MATERIALS 

Aluminum  Oxide— 949 
Carbon— 949 
Fused  Silica-81 
Glass  Ceramics— 962 
Glasses-962 

Graphite-93,  188,  500,  949 
Lead  Pyroniobate— 958 
Pyrex-81 

CHROMIUM  AND  CHROMIUM  ALLOYS 

Chromium  (unalloyed)— 69,  81, 83,  93,  182,  245 

COBALT  AND  COBALT  ALLOYS 

Cobalt  (unalloyed)  —83,  1 55,  352,  391 , 779,  917 

Cobalt  Alloys  (general)— 324,  917 

Elgiloy— 188 

Stellite  3-188 

Stellite  25—188 

COMPOSITES 

Composites  (general)— 833,  906 
Fiber  Reinforced  Composites— 326,  935 
Fiberglass  Composites— 362,  425,  602,  800,  935 
Resin  Matrix  Composites-326,  602,  904 


COPPER  AND  COPPER  ALLOYS 

Copper  (unalloyed)-20,  29,  33,  35,  37,  39,  40,  44,  45,  53,  59,  69,  79,81,83,86,  88,93,  103,  1 1 3,  1 14,  1 21 , 150, 

164,  182,  183,  184,  203,  223,  245,  254,  262,  277,  301, 316,  352,  353,  358,  363,  381, 382,  391, 
395,  399,  400,  410,  421, 434,  444,  448,  469,  491, 529,  559,  621, 626,  643,  647,  652,  663,  675, 
748,  751, 752,  763,  764,  785,  81 1, 817,  858,  917 

Copper  Alloys  (general)— 26,  1 57,  448,  731, 801, 917,  950 
Brass  (general)- 37,  38,  150,  401 
CulCd-53 
Cu-1 ,5Zn-61 
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Copper  Alloys  (Continued) 

Cu  1 8Be  (Berylco  25)(bervllium  copper)-188 
Cu-1.9Be  (Berylco  25)(berylllum  copper)— 37,  38,  87,  246,  435 
Cu-2Co-0.5Be  (Berylco  10)— 87,  246 
Cu-2Zn-56,  444 

Cu-3Si  (copper  silicon)(silicon  bronze)-184 

Cu-3Si-1Mn  (silicon  bronze)— 121 

Cu  3Si-2.8Zn-1.5Fe  (iron-silicon  bronze)— 87,  246 

Cu-3Zn-61 

Cu-4Ni-912 

Cu-5Sn  (phosphor  bronze)-564 
Cu-5Sn-5Zn-5Pb  (bronze)  -850 
Cu-5Zn  (Gliding  metal)-56,  133 
Cu-6Sn  -444 
Cu-6Zn-61 

CU-6.6AI  2Fe  (aluminum  bronze)— 564 
Cu  8Zn-61 

Cu-IONi  (Cupro  nickel)(Kunifer  10)-14,  74,  912 
Cu-IOZn  (brass) (commercial  bronze)-56,  61, 262,  381 
Cu-13Mn  (Manganin)— 263,  940 
Cu  18Ni--844 

Cu-20Ni  (Cupro  nickel)-684,  912 
Cu-20Zn  (low  brass)  — 56,  61 
Cu-25Ni-74 
Cu-25Zn-61, 262 
Cu-29Zn-61 

Cu  30Ni  (Cupro  nickelKcopper  nickel  30)-37,  243 
Cu  30Zn  (brass)ICartridge brass)— 56,  133,  188 
Cu-32Zn-3Pb  (brass)- 121 
Cu-33Zn-61 
Cu  35Ni-74 

CU-40NI  (Constantan)— 74,  93,  684,  746 
Cu-40Zn  (Muntz  metaD(brass)  — 184,  776 
Cu-43Ni  (Constantan)  (Advance)— 263,  684 
Cu  43Ni-2.7Mn  (Constantan)— 496,  719 

GALLIUM 

Gallium  (unalloyed)-353 

GERMANIUM  AND  GERMANIUM  ALLOYS 

Germanium  (unalloyed)— 93 
Germanium  alloys  (general)-157 
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GOLD  AND  GOLD  ALLOYS 


Gold  (unalloved)-20,  83,  93,  254,  259,  395,  400,  469,  621, 626,  693,  748,  763 

HAFNIUM  AND  HAFNIUM  ALLOYS 

Hafnium  (unalloyedl— 83 

INDIUM 

Indium  (unalloyed)— 20,  28,  93 

IRIDIUM 

Iridium  (unalloyed)-21, 83 

IRON  AND  IRON  ALLOYS 

Iron  (unalloyed)-21, 52,  81, 83,  93,  155,  182,  245,  254,  352,  391, 395,  430,655,  699,  779,  904 

Iron  Alloys  (general)— 324,  647,  801 

Armco  Iron— 452,  619,  810 

Fe-29Ni— 564 

Fe-35Ni  (Nilo  36)-430 

Fe-39.5Ni-1.5Ti-514 

Fe-42Ni  (Nilo  40)-430 

Fe-50Mn— 430 

Fe-50Ni-564 

Fe-51Ni  (Nilo  50)-430 

Invar-37,  150,  184,  375,  551 , 564,  778,  795,  821 , 842,  843,  848,  893,  952 
N-1 55-87,  246 

Sch18-36  (Russian  alloy)— 822 
9Kh18  (Russian  alloy)-822 

LEAD 

Lead  (unalloyed)— 21, 93,  382 

MAGNESIUM  AND  MAGNESIUM  ALLOYS 

Magnesium  (unalloyed)— 20,  69,  81 , 93,  155,  164,  245,  352,  917 
Magnesium  Alloys  (general)-157,  448,  917 
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MANGANESE  AND  MANGANESE  ALLOYS 


Manganese  (unalloyed)— 21 , 81,  83,  93,  245 
Manganese  Alloys  (general)— 324 

MERCURY 


Mercury  (unalloyed)— 93 


MOLYBDENUM  AND  MOLYBDENUM  ALLOYS 

Molybdenum  (unalloyed)— 21 , 33,  69,  83,  93,  155,  352 

NICKEL  AND  NICKEL  ALLOYS 

Nickel  (unalloyed)-4,  21,  52,  81, 83,  93,  103,  155,  164,  188,  245,  352,  363,  391,  395,  430,  596,  779,  795,  917 

Nickel  Alloys  (general)— 26,  324,  596,  669,  801, 917 

Alloy  713C-109 

D 979-109 

Hastelloy  B — 109 

Hastelloy  C-109,  564 

Hastelloy  F-109 

Hastelloy  N-109,  564 

Hastelloy  X-87,  109,  246,  564,  577 

Inco  72  (702)-  87,  246 

Incoloy  901  — 109 

Incoloy  903—767 

Inconel  600-14,  69,  81, 86,  109,  133,  188,  203,  245,  445 
Inconel  625-564 
Inconel  700—109 

Inconel  718-445,  520,  564,  577,  657,  767 
Inconel  X 750-69,  87,  109,  150,  188,  246,  277 
M-252-109 

Monel  400-14,  81, 86,  93,  109,  184,  203,  245,  401 
Monel  Alloy  K-500  -69, 109,  150,  435 
Ni  Span  C-188 
Ni 19CU-795 

Ni-20Cr  2.7AI-2.7CU  (Evanotim)-831 

Ni-40Cu-795 

Ni 60CU-795 

Nimonic  75—109 

Nimonic  80A  — 109 
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Nickel  Alloys  (Contlnuedl 

Nimonic  90—109 
Nimonic  100-109 
Rene  41-109,  188,  277 
TDNickel-564 
Udimet  500-109 
Udimet  630-564 
Udimet  700—564 
Waspalloy- 87,  109,  246,  564 


NIOBIUM  AND  NIOBIUM  ALLOYS  AND  COMPOUNDS 

Niobium  (unalloyed)-21, 24,  28,  83,  93,  103,  140,  345,  352,  364,  446,  488,  589,  659,  817,  870,  913 

Niobium  Alloys  (general)-454,  659,  833,  855 

Nb0.2Zr-276 

Nb-2Zr-276 

Nb-25Zr-479,  818,  931 

Niobium  Compounds  (general)— 454 

Nb3Sn-306,  385,  517,  855 

OSMIUM 

Osmium  (unalloyed)-83 

PALLADIUM 

Palladium  (unalloyed)— 21 , 33,  83,  93,  182 


PLATINUM 

Platinum  (unalloyed)-21 , 33,  83,  93,  391 


POLYMERS 

Polymers  (general)-425,  573,  720,  801, 824,  828,  845,  960 
Nylon-243,  579,  829,  949 
Plexiglas— 238,  500,  539 

Polyethylene-93,  126,  177,  244,  420,  491, 497,  500,  526,  539,  544,  579,  606,  614,  829 
Polyethylene  terephthalate  (Mylar)-362,  379 

Polychlorotrifluoroethylene  (Ke(  F)-87,  125,  203,  243,  246,  289,  294,  420,  606 
Polymethylmethacrylate-453,  482,  483,  606,  641,  642 

Polystyrene- 126,  164,  238,  244,  399,  482,  483,  497,  500,  539,  595,  606,  641, 642,  845 

Polytetrafluoroethylene  (Teflon)-15,  81, 86,  87,  93,  125,  164,  177,  203,  243,  245,  246,  289,  329,  362,  363,  378, 

420,  435,  483,  573,  606,  756 
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RHENIUM 


Rhenium  (unalloyed)— 83,  133 


RHODIUM 

Rhodium  (unalloyed)— 21 , 83,  93 


RUTHENIUM 

Ruthenium  (unalloyed)— 83 


SILICON 

Silicon  (unalloyed)-93 


SILVER  AND  SILVER  ALLOYS 

Silver  (unalloyed)-20,  33,  37,  83,  93,  244,  259,  363,  391 , 395,  400,  448,  469,  621 , 626,  748,  763,  765 
Silver  Alloys  (general)— 448 


SODIUM 

Sodium  (unalloyed)— 33,  83,  93 


STEEL-ENGINEERING 

Engineering  Steel  (general)-4,  596 
AISI  1010-69 

AI5I  1020-37,  81, 86,  89,  164,  245,  401, 435 

AISI  1040-86 

AISI  1075-188 

AISI  1095-89 

AISI  4130  -669 

AISI  30347-246 

AISI  51410-246 

AISI  51440-246 

AISI  9310-87,  246 

Maraging  Steel  (general)— 596 

3Ni  Steel-184 

5Ni  Steel-821 

9Ni  Steel-102,  184,  188,  347,  433,  435,  524,  821 
25Mn  5Cr-1Ni  Steel— 963 
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STEEL-STAINLESS 


Stainless  Steel  (general)-596,  731 
A 286-87,  188,  246,  277,  696 
AISI  301-1, 69,  150,  184,  277,  399 
AISI  302-37,  188,  363 
AISI  303-14,  184,  188,  203 

AISI  304-1,  37,  41, 81, 86,  89,  150,  164,  184,  203,  245,  363,  433,  435,  558,  636,  832 
AISI  304L-188,  558,  636,  832 
AISI  305-184 
AISI  309-184 

AISI  310-1,  150,  184,  188,  363,  433,  558,  636,  832 
AISI  316-1,  37,  69,  150,  184,  203,  363,  433,  558 
AISI  321-184,  188,  399,  433,  445,  456,  636,  832 
AISI  330-1, 203 

AISI  347-1,  14,  69,  86,  184,  188,  277,  456,  558,  643,  656 

AISI  410-89,  277,  401 

AISI  416-188 

AISI  430-564 

AM  350-564 

Carpenter  20Cb-277 

Kromarc  55—188 

Kromarc  58—519 

000KH20N1 6AG6  (Russian  alloy) - 842 

0Kh18N10T  (Russian  alloy)-842 

1Kh18N10T  (Russian  alloy)-822 

16Cr  Steel-694,  695,  741 

17  4PH-188 

17  7PH-188,  277 

17Cr  Steel -188,  393 

18Cr  Steel -636,  792 

18/8  Stainless-81, 245,  821 

216-9  Steel-288 

22  13-5  Steel-698 


TANTALUM  AND  TANTALUM  ALLOYS 


Tantalum  (unalloyed)— 21 , 28,  83,  93,  140 


THALLIUM 

Thallium  (unalloyedi -28 
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TIN 

Tin  (unalloyed)-28,  93,  352 

TITANIUM  AND  TITANIUM  ALLOYS 

Titanium  (unalloved)-21 , 49,  52,  81, 83,  93,  164,  245,  254,  352,  363,  435,  566,  646,  917 
Titanium  Alloys  (general)-327,  646,  801 , 898,  91 7 
Ti  4AI  1.5Mn-854 
Ti-4AI-3Mo  1V-185,  287 

Ti-5AI  2.5Sn--87,  188,  246,  363,  399,  445,  577,  693,  874 
Ti  5AI  2.5Sn  1 5V-854 
Ti  5AI-4V-854 
Ti-6AI-3.5Mo-854 

Ti  6AI  4V-87,  184,  185,  188,  246,  277,  287,  399,  643,  669 

Ti  8AI  IMo  1V-445 

Ti-13V  11Cr-3AI-185,  188,287,643 

Ti  16V  2.5AI-185,  287 

Ti  50V-725 

TUNGSTEN  AND  TUNGSTEN  ALLOYS 

Tungsten  (unalloyed)-21 , 33,  83,  93,  352,  861 

URANIUM 

Uranium  (unalloyed)— 21 

VANAOlUM  AND  VANADIUM  ALLOYS  AND  COMPOUNDS 

Vanadium  (unalloyed) -83,  140,  352 
Vanadium  Alloys  (general) -324 
V3Ga-206,  228,  855,  890 


ZINC  AND  ZINC  ALLOYS 

Zinc  (unalloyed)-20,  81, 93,  103,  245,  917 
Zinc  Alloys  (general)-157,  448,  917 

ZIRCONIUM  AND  ZIRCONIUM  ALLOYS 

Zirconium  (unalloyed)-21 , 52,  83,  566 
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ELECTRICAL  PROPERTIES 

ALUMINUM  AND  ALUMINUM  ALLOYS 

Aluminum  (unalloyed)-3,  23,  28,  65,  155,  259,  360,  371,  394,  439,  465,  518,  574,  612,  650,  686,  687,  804,  830,  923 

1 1 00  Aluminum— 98,  1 20,  1 64 

Aluminum  Alloys  (general)— 645,  681,  731 

2024-98,  120,  164,  644,  697,  724 

3003-98,  120 

5052-98,  120,  164 

5056-724 

5083-120,  644,  724 

5086-120 

5154-98,  120,  164 

5456-724 

6061-923 

6063-98,  120,  164 

7039-577,  644,  693 

7075-669 

BERYLLIUM  AND  BERYLLIUM  ALLOYS 

Beryllium  (unalloyed)— 574 

CADMIUM 

Cadmium  (unalloyed)— 653 

CERAMIC  MATERIALS 

Graphite-241 

Lead  Pyroniobate-958 

CHROMIUM  AND  CHROMIUM  ALLOYS 

Chromium  (unalloyed)— 83,  653 

COBALT  AND  COBALT  ALLOYS 

Cobalt  (unalloyed)— 23,  83,  155 
Cobalt  Alloys  (general)— 799 
L 605-241 
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COMPOSITES 


Composites  (general)-443,  833 

Metal  Matrix  Composites— 624,  722,  747,  849,  896 

COPPER  AND  COPPER  ALLOYS 

Copper  (unalloyed)-3,  11,  13,  32,  43,  57,  79,  82,  83,  154,  262,410,  422,443,  465,  574,  611,  644,  650,  777,  785,  804 

Copper  Alloys  (general)  — 157,  645,  649,  681,  731 

Cu-1Ni-422 

Cu-2Ni-57,  154 

Cu-2Zn-56 

Cu-3Ni-422 

Cu-4Ni-912 

Cu-5Ni-154 

Cu-5Sn-5Zn-5Pb  (bronze)— 850 
Cu-5Zn  (Gliding  metal)— 56 
Cu-6Ni-728 

Cu-IONi  (Cupro  nickel)(Kunifer  10)-154,  422,  912 
Cu-IOZn  (commercial  bronze) (brass)— 56,  262 
Cu-13Mn-4Ni  (Manganin)— 43,  81, 321 
Cu-13Ni-728 
Cu-17Ni-422 

Cu-20Ni  (Cupro  nickel)— 912 
Cu-20Zn  (low  brass)-56 
Cu-23Ni-728 
Cu-25Zn-262 

Cu-25Zn-14Ni  (nickel  silver)  — 164 
Cu-28Zn-1Sn  (Admiralty  brass)— 645 
Cu-30Zn  (brass)(Cartridge  brass)-56,  644 
Cu-40Ni  (Constantan)  — 164 
Cu-43Ni  (Constantan)(Advance)— 321 , 336 
Cu-45Ni  (Cupron) (Cupro  nickel)— 43,  81 

GERMANIUM  AND  GERMANIUM  ALLOYS 

Germanium  Alloys  (general)  — 157 

GOLD  AND  GOLD  ALLOYS 

Gold  (unalloyed)-43,  83,  154,  259,  693 
Gold  Alloys  (general)  — 154 
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HAFNIUM  AND  HAFNIUM  ALLOYS 


Hafnium  (unalloyed)— 83 
Hafnium  Alloys  (general)— 665 


INDIUM 

Indium  (unalloyed)— 28,  804 

IRIDIUM  AND  IRIDIUM  ALLOYS 

Iridium  (unalloyed)- 83 

IRON  AND  IRON  ALLOYS 

Iron  (unalloyed)— 52,  83,  155 
Iron  Alloys  (general)— 645,  681 
Armco  Iron— 452,  619,  810 
Fe-39.5Ni-1.5Ti-514 
Invar— 821 

LEAD 

Lead  (unailoyed)-43 

MAGNESIUM  AND  MAGNESIUM  ALLOYS 

Magnesium  (unalloyed)-23,  155 
Magnesium  Alloys  (general)-157,  307 

MANGANESE  AND  MANGANESE  ALLOYS 

Manganese  (unalloyed)— 83,  653 


MOLYBDENUM  AND  MOLYBDENUM  ALLOYS 

Molybdenum  (unalloyed)— 23,  83,  155 

NICKEL  AND  NICKEL  ALLOYS 

Nickel  (unalloyed)-43,  52,  83,  155,  596 
Nickel  Alloys  (general)-596,  645,  669,  681, 799 
Hastelloy  N-644 
Hastelloy  X-577,  644 


Nickel  Alloys  (Continued) 
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Inconel  718-577,  657,  724 

Inconel  X-750— 109,  644 

Ni-5Cr-932 

NiHCr-932 

Ni-15Cr-932 

Ni-16Cr-932 

Ni  19Cr-932 

Ni  20Cr  IChromel  A)(Karma)-43.  81,  321 

Ni-20Cr-1  Fe  (Tophet-A)-43,  81 

Ni-20Cr-2.7AI-2.7Cu  (Evanohm)-43,  81,  321,  336 

Ni-22Cr-932 

Ni-24Cr-932 

Ni  27Cr-932 

Rene  41-241 

Udimet  500-109 

Udimet  700-109,  644 

NIOBIUM  AND  NIOBIUM  ALLOYS  AND  COMPOUNDS 

Niobium  (unalloyed)-24,  28,  83,  308,  314,  315,  443,  489,  505,  721,  798,  812,  868,  870,  896 

Niobium  Alloys  (general)— 454,  533,  710,  716,  755,  807,  833,  853,  855,  874 

Nb  2Zr-436 

Nb9Ti-43Zi-499 

Nb  20Ti-557 

Nb  25Zr-346,  356,  465,  467,  479,  488,  534,  556,  560 

Nb  39Ti-20Zr-499 

Nb-48Ti-32Zr-499 

Nb-50Ti-557,  722 

Nb-52Ti-757 

Nb  65Ti-839 

Nb  75Zr-501 

Niobium  Compounds  (general) -454 

Nb3Sn-282,  309,  346,  349,  385,  436,  450,  488,  517,  534,  556,  565,  683,  722,  735,  781,  784,  796,  855,  874,  879, 
896,  900,  937 

Nb0Sng-45O 

OSMIUM 

Osmium  (unalloyed)-83 

PALLADIUM 

Palladium  (unalloyed) -83 
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PLATINUM 

Platinum  (unalloyed)-43,  83 


POLYMERS 

Polymers  (general)— 623,  720,  802,  824,  828,  938,  960 
Polycarbonate— 938 

Polychlorotrifluoroethylene  (Kel-F)  — 178,  190 
Polyethylene— 178,  344,  770,  938 
Poly  methylmethacry  late— 1 78 

Polystyrene— 1 78,  199,  623 
Polytetrafluoroethylene  (Teflon)— 289,  344 


RHENIUM 

Rhenium  (unalloyed)— 83 


RHODIUM 

Rhodium  (unalloyed)-83 


RUTHENIUM 

Ruthenium  (unalloyed)-83 


SILVER  AND  SILVER  ALLOYS 

Silver  (unalloyed)— 43,  83,  259,  422,  804 

Ag-1Pd-422 

Ag-6Pd-422 

Ag-10Pd-422 

SODIUM 

Sodium  (unalloyed)— 83 


STEEL-ENGINEERING 


Engineering  Steel  (general)— 596 
AISI  4130-669 


Maraging  Steel  (general)-596 
5Ni  Steel-821 
9Ni  Steel-821 
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STEEL-STAINLESS 


Stainless  Steel  (general)— 596,  645,  731 

A-286-696,  724 

AISI  304-43,  81, 832 

AISI  3041-644,832 

AISI  310-832 

AISI  316-644,  724 

AISI  321-644,  832 

AISI  347-656 

16Cr  Steel-694,  695 

17-7PH-644 

18/8  Stainless— 821 

22  13  5 Steel-698 

TANTALUM  AND  TANTALUM  ALLOYS 

Tantalum  (unalloyed)— 28,  83 


THALLIUM 

Thallium  (unalloyed)— 28 


TIN 

Tin  (unalloyed)-28 


TITANIUM  AND  TITANIUM  ALLOYS 

Titanium  (unalloyed)-52,  83,  653 

Titanium  Alloys  (general)-327,  645,  681, 898 

Ti-4AI  1.5Mn-854 

Ti-5AI  2.5Sn-577,  693 

Ti-5AI-2.5Sn  1.5V  -854 

Ti-5AI  4V-  854 

Ti-6AI-3.5Mo-854 

Ti  6AI  4V-644,  669,  841 

Ti  13V  IlCi  3AI-644 

Ti  20N6-534,  608,  745 

Ti-22Nb-742 

Ti-28Nb-624 

Ti-28V-745 

Ti  35Nb-803 


Titanium  Alloys  (Continued) 

Ti-47Nb-604 

Ti-50Nb-803 

Ti-65Nb-803 

TUNGSTEN  AND  TUNGSTEN  ALLOYS 

Tungsten  (unalloyed)— 23,  83,  653 

VANADIUM  AND  VANADIUM  ALLOYS  AND  COMPOUNDS 

Vanadium  (unalloyed)-83,  653 

V3Ga-206,  228,  282,  349,  436,  488,  722,  789,  855,  874,  900,  902 

V3Si-282,  436,  534,834 

V-27.5Ga-793 

V-30Ga-793 

ZINC  AND  ZINC  ALLOYS 

Zinc  (unalloyed)— 653 
Zinc  Alloys  (general)  — 157 

ZIRCONIUM  AND  ZIRCONIUM  ALLOYS 

Zirconium  (unalloyed)— 52,  83,  653  j 

Zirconium  Alloys  (general) -665  j 
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MAGNETIC  PROPERTIES 


ALUMINUM  AND  ALUMINUM  ALLOYS 

Aluminum  (unalloyed)— 23,  373,  439,  650,  678,  686,  687,  804,  923,  936,  947 

AI-2Mg-373 

AI-4Mg-373 

AI-6Mg-373 

AI-8Mg-373 

AMOMg-373 

5083-513 

5086-392 

6061  -392,  769,  923 

7039-513 

7075-392 

7079-513 

CERAMIC  MATERIALS 
Pyrex-459 


CHROMIUM  AND  CHROMIUM  ALLOYS 

Chromium  Alloys  (general)- 167 


COBALT  AND  COBALT  ALLOYS 

Cobalt  (unalloyed)— 23,  941,  956 


COMPOSITES 

Metal  Matrix  Composites-624,  747 

COPPER  AND  COPPER  ALLOYS 

Copper  (unalloyed)-32,  50,  57,  60,  63,  71 , 97,  341 , 350,  458,  61 1 , 650,  678,  730,  804 
Copper  Alloys  (general)-157,  167,  350,  649 
Brass  (general)— 237,  392 
Cu-1Ni-60 

Cu-1.9Be  (beryllium  copper)(Berylco  25)-392 

Cu-2Ni-57 

Cu-23Ni-71 
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Copper  Alloys  (Continued) 

Cu  2 5Ni-60 
Cu  4 6N1-7I 
Cu  6N.-728 
Cu-2  /’Ni-71 
Cu  13NI-728 
Cu  17NI-71 

Cu-20Ni  (Cupro  nlckel)-236 

Cu-23Ni-728 

Cu-26.9Ni-71 

Cu-30Ni  (Cupro  nickel)(copper  nickel  30)-174,  236 
Cu-40Ni  (Constantan)— 236 
Cu-43Ni  (Constantan) (Advance)— 336 
Cu-43Ni-2.7(Vln  (Constantan)— 496,  719 
Cu-45Ni  (Cupron)(Cupro  nickel)— 335 
Cu-50Ni-236 

GERIVIANIUIVI  AND  GERIVIANIUIVI  ALLOYS 

Germanium  Alloys  (general)-157 

GOLD  AND  GOLD  ALLOYS 

Gold  (unalloyed)— 97 
Gold  Alloys  (general)  — 167 

INDIUM 

Indium  (unalloyed)-804 

IRON  AND  IRON  ALLOYS 

Iron  (unalloyed)-674,  934 
Iron  Alloys  (general)-674 
Fe  3SI-397 

Fe-29Ni-17.5Co  (Kovar)-512 

Fe-36Ni  (lnvar)-512,  658,  702,  759,  795,  877,  881, 952 

Fe-42Ni-1Mn  (Dumetl— 512 

Fe‘s8Ni-397 


MAGNESIUM  AND  MAGNESIUM  ALLOYS 

Magnesium  (unalloyed)- 23 
Magnesium  Alloys  (general)-157,  307 
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Magnesium  Alloys  (Continued) 

AZ31B-392 
AZ92-392 
ZK60A-392 

MANGANESE  AND  MANGANESE  ALLOYS 

Manganese  Alloys  (general)  — 167,  546 

MOLYBDENUM  AND  MOLYBDENUM  ALLOYS 

Molybdenum  (unalloyed)— 23 

NICKEL  AND  NICKEL  ALLOYS 

i Nickel  (unalloyed)-6,  355,  512,  540,  596,  760,  795,  945 

I Nickel  Alloys  (general)-546,  547,  596,  825 

Hastelloy  B-109 
Hastelloy  C-109 
Hastelloy  N-513 
Incoloy  800-703,  809 
Inconel  600-109,  174,  513 
Inconel  718-513 
Inconel  X-750-109,  392 
Monel  Alloy  K-500-109,  392 
Ni-1Cr-236 
Ni-2Mn-236 
Ni  5Cr-236 
Ni  5Mn-236 
Ni-9Cr-236 
N IOCu-760 
Ni-11Mn-236 

! Ni  20Cr  2.5AI  2.5Cu  (Evanohm)-336 

Ni-19Cu-795 
Ni-20Cu-48,  760 
Ni-26Fe-355 
Ni-30Cu-48 
Ni-35Cu-760 
Ni-37Fe-355 
Ni-40Cu-48,  236,  795 
Ni-45Cu-760 
Ni  50CU-236 
: Ni-59Fe-355 
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Nickel  Alloys  (Continued) 


Ni 60CU-795 
Waspalloy-513 

NIOBIUM  AND  NIOBIUM  ALLOYS  AND  COMPOUNDS 

Niobium  (unalloyed)  — 140,  308,  744,  790 
Niobium  Alloys  (general)— 454,  532,  533 
Niobium  Compounds  (general)-454 
Nb  IZr  384 
Nh  2Zi  384,  436 
Nb  3 5Zi  384 
Nb  252r  270,  479 

Nb3Sii  273,  282,  385,  436,  517,  625,  631 , 632,  796 

PLAT  INUM  AND  PLATINUM  ALLOYS 

Platinum  (unalloyed)— 678 


POLYMERS 

Polytetrafluoroethylene  (Teflon)— 459 
SILVER  AND  SILVER  ALLOYS 

Silver  (unalloyed)— 71 , 97,  804  I 

Ag2Pd-71  ' 

Ag6Pd-71 

Ag-10Pd-71  i 

STEEL-ENGINEERING  ' 

1 

Engineering  Steel  (general)— 596  i 

Maraging  Steel  (general)— 596 
9Ni  Steel-347,  524 

STEEL  STAINLESS 

>'■  ' (general)  596,  938 

■ ! ill  809  832  959 
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Stainless  Steel  (Continued) 


AISI  310-392,  513,  703,  809,  832 
AISI  316-174,  513,  703,  809 
AISI  321-174,  703,  832 
AISI  347-174,  703 
AISI  410-512 
AISI  416-512 

Kh18N10T  (Russian  allov)-732 

Kromarc  55-703,  809 

18Ct  Steel  498,  792 

20Ct  16Ni  Steel-961 

20Cr  18Ni  Steel-961 

20Ct  20Ni  Steel-961 

20Cr  22Ni  Steel-961 

20Cr  24Ni  Steel-961 

21  6 9 Steel -288 


TANTALUM  AND  TANTALUM  ALLOYS 

Tantalum  (unalloved)-140 


THALLIUM 

Tnallium  (unalloyed)-678 


TIN 

Tin  (unalloved)-63 


TITANIUM  AND  TITANIUM  ALLOYS 

Titanium  (unalloyed)  -646 
Titanium  Alloys  (general)  - 646 
Ti  20NI.-745 
Ti-28Nb-624,  625 
TI-28V-745 

TUNGSTEN  AND  TUNGSTEN  ALLOYS 


Tungsten-23 


VANADIUM  AND  VANADIUM  COMPOUNDS 


VdUdcliuni  (unalloyed)-I40,  744 
V3Ga-206,  282,  436 
V3SI-282,  436 

ZINC  AND  ZINC  ALLOYS 

Zinc  (unalloyed)-237 
Ziiic  Alloys  (general)  — 157 
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